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ACM NA-2005

Appendix NA -: Nonresidential ACM Approval Application
CALIFORNIA ENERGY RESOURCES
CONSERVATION AND DEVELOPMENT COMMISSION

APPLICATION FOR APPROVAL OF A VENDOR-CERTIFIED ALTERNATIVE CALCULATION METHOD FOR
USE IN DEMONSTRATING COMPLIANCE WITH THE NONRESIDENTIAL BUILDING ENERGY EFFICIENCY
STANDARDS PER SECTION 141, TITLE 24 OF THE CALIFORNIA CODE OF REGULATIONS

Part I: General Information

1. Organization filing application:
Name: Phone: ( )
Address:
2. Name of person responsible for completion of this application:
Name: Phone: ( )
Address:
3. Name, Date, and Version of the Alternative Calculation Method (ACM):
Name: Date:
Version:
4. Has a previous version of this ACM ever been certified?
[ 1YES [ 1NO
5. Has this ACM been previously submitted for approval or certification?
[ 1YES [ 1NO
6. Has this ACM ever been used to analyze the energy use of a building in California?
[ 1YES [ 1NO
7. Has this ACM ever been used to determine compiance with the energy efficiency standards of
California?
[ 1YES [ 1NO

Appendix NA - Nonresidential ACM Approval Application
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VENDOR CERTIFICATION OF ALTERNATIVE CALCULATION METHOD

I/We, , certify that the alternative calculation method (ACM), herein
name(s)
designated ,version , dated ,
name of alternative calculation method version last saved update
occupying bytes of memory, conforms to all of the requirements specified for an

exact memory size in bytes

ACM for Commission approval listed in the Nonresidential ACM Approval Manual. |/We specifically certify that
this ACM sucessfully conforms to the test criteria for each and every ACM capability test in Chapter 4 of the
Alternative Calculation Method (ACM) Approval Manual for the Nonresidential building energy efficiency
standards. Moreover, l/we certify that, to the best of my/our knowledge and belief, we have found no instances
where this ACM would indicate compliance for a proposed building that the reference computer program using
the the reference method would indicate fails to comply with the building energy efficiency standards.

I/We also understand that all required inputs must be available in any approvable ACM but the ACM is not
required to model the features described by a given set of inputs. I/We stipulate that this ACM gives the user
access to the required inputs and that this ACM automatically warns the user when building inputs use features
that the ACM cannot model with sufficient accuracy and automatically fails the proposed building by a margin
sufficient to meet the test criteria for any test of that capability.

Signed: Date:

Appendix NA - Nonresidential ACM Approval Application
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ACM Application Test Results for
Required Capabilities Tests

TFEST

PTa

STa

NTa

PTr

STr

DTr CR1 CR2

1 ITFr

RFCPr

CRR

CRA

A11A09

A12A09

A13A09

A21B13

A22B13

A23B06

A24B16

A25B03

A26B13

A27B16

B11B13

B12B13

B13B13

B14B06

B15B16

B21B12

B22B12

B23B12

DTi =PTi - STi
CR1=DTa-(0.85xDTr-1)>0 whenDTa>0
CR2=DTa-(1.15xDTr-1)>0 whenDTa<0

where

is either ‘a’ for acm or ‘r’ for reference

CRS3 = LITEa/LITEr

must be > 0.980 and < 1.020
CR4 = RECPa/RECPr must be >0.980 and < 1.020

Appendix NA - Nonresidential ACM Approval Application
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ACM Application Test Results for
Required Capabilities Tests

TEST

PTa

STa

NTa

PTr

STr

NTr CR1 CR2

1 ITFr

RFCPr

CR3

CRA

B24B03

B31D12

B32D12

C11A10

C12A10

C13A10

C14A10

C15A10

C21B10

C22C16

D11D12

D12D12

D13D07

D14D07

E11D16

E12D16

E13D16

E14D14

DTi =PTi - STi
CR1=DTa-(0.85xDTr-1)>0 whenDTa>0
CR2=DTa-(1.15xDTr-1)>0 whenDTa<0

where

is either ‘a’ for acm or ‘r’ for reference

CRS3 = LITEa/LITEr

must be > 0.980 and < 1.020
CR4 = RECPa/RECPr must be >0.980 and < 1.020

Appendix NA - Nonresidential ACM Approval Application
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ACM Application Test Results for

Required Capabilities Tests

TFST PTa STa NTa PTr STr NDTr CR1 CR?2 1ITFr RFC.Pr CR2 CRA
E15D14
E16D14
E21B16
E22B16
E23B16
E24B12
E25B12
E26B12
F11A07
F12A13
F13B12
F14B12
F15A01
G11A11
G12A11
G13A11
G14A11
G15B03
G16B16

DTi =PTi - STi where i is either ‘a’ for acm or ‘r’ for reference
CR1=DTa-(0.85xDTr-1)>0 whenDTa>0 CR3 = LITEa/LITEr must be > 0.980 and < 1.020
CR2=DTa-(1.15xDTr-1)>0 whenDTa<0 CR4 = RECPa/RECPr must be >0.980 and < 1.020

Appendix NA - Nonresidential ACM Approval Application
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ACM Application Test Results for

Optional Capabilities Tests

TEST

PTa

STa

NTa

PTr

STr

NDTr

CR1

CR2

1 ITFr

RFCPr

CR2

CRA

OC1A09

011B13

012B13

021B13

022B13

023B13

024B13

031A12

032A12

033A12

041B13

061B12

062B12

063B12

064B12

065B12

066B12

DTi =PTi - STi
CR1=DTa-(0.85xDTr-1)>0 whenDTa>0
CR2=DTa-(1.15xDTr-1)>0 whenDTa<0

where

is either ‘a’ for acm or ‘r’ for reference

CRS3 = LITEa/LITEr

must be > 0.980 and < 1.020
CR4 = RECPa/RECPr must be >0.980 and < 1.020

Appendix NA - Nonresidential ACM Approval Application
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ACM Application Test Results for
Optional Capabilities Tests
TFST PTa STa NTa PTr STr NDTr CR1 CR?2 1ITFr RFC.Pr CR CRA
071B12
081A11
082A15
091A13
092A11
093A12
094A13
DTi =PTi - STi where i is either ‘@’ for acm or ‘r’ for reference

CR1=DTa- (0.85xDTr-1)>0 when DTa>0
CR2=DTa-(1.15xDTr-1)>0 whenDTa<0

CR3 = LITEa/LITEr

must be > 0.980 and < 1.020
CR4 = RECPa/RECPr must be >0.980 and < 1.020

Appendix NA - Nonresidential ACM Approval Application
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Appendix NB - llluminance Cateqgories and
Luminaire Power

llluminance Cateqgories

Please see Chapter 10 in the IESNA Lighting Handbook, Ninth Edition.

llluminance Categories and Luminaire Power

Luminaire power shall be taken from the following tables.

Table NB-1 — Fluorescent Circline

Table NB-2 — Compact Fluorescent 2D

Table NB-3 — Compact Fluorescent

Table NB-4 —LL.ong Compact Fluorescent

Table NB-5 — Fluorescent U-Tubes

Table NB-6 — Fluorescent Linear Lamps — Preheat

Table NB-7 — Fluorescent Linear Lamps T5

Table NB-8 — Fluorescent Rapid Start T-8

Table NB-9 — Fluorescent Rapid Start T-12

Table NB-10 — Fluorescent Rapid Start High Output (HO) T8 & T12, 8 ft

Table NB-11 — Fluorescent Instant Start (single pin base "Slimline") T12, 4 ft
Table NB-12 — Fluorescent Instant Start (single pin base "Slimline") T8 & T12, 8 ft.
Table NB-13 — High Intensity Discharge

Table NB-14 — 12 Volt Tungsten Halogen Lamps Including MR16, Bi-pin, AR70, AR111, PAR36

Appendix NB - llluminance Categories and Luminaire Power
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Table NB-1 — Fluorescent Circline
Lamps Ballasts
— System
Type Number Designation Number Designation Description Watts Comment
Rapid Start (22 W) 1 FC8T9 1 MAG Mag. Stand. 27 8" 0OD
STAND.
T5 Program Start 1 FCIT5 1 ELECT NO Electronic Normal 28 8" 0D
(22 W) Light
2 FCIT5 1 ELECT NO Electronic Normal 53
Light
T5 Program Start 1 FC12T5 1 ELECT NO Electronic Normal 41 12" 0D
(40 W) Light
2 FC12T5 1 ELECT NO Electronic Normal 80
Light
T5 Rapid Start (55 W) 1 FC12T5HO 1 ELECT NO Electronic Normal 55 12" OD
Light
FC12Tag5HO 1 ELECT NO Electronic Normal 103
Light
1 FC12T5HO 1 ELECT DIM Electronic Dimming  12~59
2 FC12T5HO 1 ELECT DIM Electronic Dimming  24~114
T5 Rapid Start 1+1 FC12T5/FC9T5 1 ELECT NO Electronic Normal 68 8" & 12" OD
(40 + 22 W) Light
RO = ballast factor 70 to 85%  NO = ballast factor 85 to 100% HO = ballast factor >100%
Table NB-2 — Compact Fluorescent 2D
Lamps Ballasts
— System
Type Number Designation Number Designation Description Watts Comment
10W 1 CFES10W/GR10qg 1 MAG STD Mag. Stand. 16 3.6" across
GR10q-4 Four Pin Base CFS10W/GR10g 1 ELECT  Electronic 13
2 CES10W/GR10qg 1 ELECT Electronic 26
16W 1 CFES16W/GR10qg 1 MAG STD Mag. Stand. 23 5.5" across
GR10q-4 Four Pin Base "y CFS16W/GR10g 1 ELECT  Electronic 15
2 CFES16W/GR10qg 1 ELECT Electronic 30
21W 1 CFES21W/GR10g 1 MAG STD Mag. Stand. 31 5.5" across
GR10qg-4 Four Pin Base "y CFS21W/GR10g 1 ELECT  Electronic 21
2 CFS21W/GR10q 1 ELECT Electronic 42
28W 1 CFS28W/GR10q 1 MAG STD Mag. Stand. 38 8.1" across
GR10g-4 Four Pin Base "y CFS28W/GR10g 1 ELECT  Electronic 28
2 CFS28W/GR10q 1 ELECT Electronic 56
(38W 1 CES38W/GR10qg 1 ELECT Electronic 37 8.1" across
GR10q-4 Four Pin Base ~, CFS38W/GR10g 1 ELECT  Electronic 74

RO = ballast factor 70 to 85%

NO = ballast factor 85 to 100%

HO = ballast factor >100%

Appendix NB - llluminance Categories and Luminaire Power
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Table NB-3 — Compact Fluorescent

Lamps Ballasts
System
Type Number Designation Number Designation Description Watts Comment
Twin (5 W 1 CFT5W/G23 1 MAG STD Mag. Stand. 9 4.1" MOL
G23 Two Pin Base -
E5TT Lamo) ) 2 CFT5W/G23 2 MAG STD Mag. Stand. 18
Twin (7 W 1 CFT7W/G23 1 MAG STD Mag. Stand. 1" 5.3" MOL
G23 Two Pin Base -
F7TT Lamo) Lam 2 CFT7W/G23 2 MAG STD Mag. Stand. 22
Twin (7 W 1 CET7W/2G7 1 ELECT Electronic 8 5.3" MOL
2G7 Four Pin Base - -
F7TT Lam 2 CET7W/2G7 2 ELECT Electronic 16
Twin (9 W 1 CFTOW/G23 1 MAG STD Mag. Stand. 13 6.5" MOL
G23 Two Pin Base -
FOTT Lamp) 2 CFTOW/G23 2 MAG STD Mag. Stand. 26
Twin (O W 1 CFTOW/2G7 1 ELECT Electronic 10 6.5" MOL
2G7 Four Pin Base - -
FOTT Lamp) 2 CFTOW/2G7 2 ELECT Electronic 20
Twin (13 W 1 CFT13W/GX 1 MAG STD Mag. Stand. 17 7.5" MOL
GX23 Two Pin Base - 23
FASTT 2 CFT13W/GX 2 MAG STD  Mag. Stand. 34
23
Twin (13 W 1 CFT13W/2G 1 ELECT Electronic 17 7.5" MOL
2GX7 Four Pin Base - X7
FASTT 2 CFT13W/2G 2 ELECT Electronic 34
X7
Quad (9 W, 1 CFQIW/G23- 1 MAG STD 120 V Mag. Stand. 13 4.4" MOL
G23-2 Two Pin Base - 2 120
FOLTT Lam 2 CFQOW/G23- 2 MAGSTD 120V Mag. Stand. 26
2 120
Quad (13 W 1 CFQ13W/G2 1 MAG STD 120 V Mag. Stand. 18 6.0" MOL
G24d-1 Two Pin Base 4d-1 120
-F13DTT Lam 2 CFQ13W/G2 2 MAGSTD 120V Mag. Stand. 36
4d-1 120
1 CFQ13W/G2 1 MAG STD 277 NV Mag. Stand. 16
4d-1 277
2 CFQ13WI/G2 2 MAG STD 227 \ Mag. Stand. 32
4d-1 277
Quad (13 W 1 CFQ13W/GX 1 MAG STD Mag. Stand. 17 4.8" MOL
GX23-2 Two Pin 23-2
Base) 2 CFQ13W/GX 2 MAG STD Mag. Stand. 34
23-2
Quad (16W 1 CEFQ16W/GX 1 MAG STD Mag. Stand. 20 5.5" MOL
GX32d-1 Two Pin 32d-1
Base) 2 CFQ16W/GX 2 MAG STD  Mag. Stand. 40
32d-1
Quad (18 W 1 CFQ18W/G2 1 MAG STD 120 V Mag. Stand. 25 6.8" MOL
G24d-2 Two Pin Base 4d-2 120
= F18DTT Lamp) 2 CFQ18W/G2 2 MAGSTD 120V Mag. Stand. 50
4d-2 120
1 CFQ18W/G2 1 MAG STD 227 V Mag. Stand. 22
4d-2 277
2 CFQ18W/G2 2 MAG STD 227 VV Mag. Stand. 44
4d-2 277
1 CFQ22W/GX 1 MAG STD Mag. Stand. 27 6.0" MOL
32d-2

Appendix NB - llluminance Categories and Luminaire Power




2005 Nonresidential ACM Manual, Express Terms, 15-Day Language Page NB-4

Lamps Ballasts
— System
Type Number Designation Number Designation Description Watts Comment
Quad (22W, 2 CFQ22W/GX 2 MAG STD Mag. Stand. 54
GX32d Two Pin Base) 32d-2
Quad (26 W 1 CFQ26W/G2 1 MAG STD 120 V Mag. Stand. 37 7.6" MOL
G24d-3 Two Pin Base 4d-3 120
= F26DTT Lam 2 CFQ26W/G2 2 MAGSTD 120V Mag. Stand. 74
4d-3 120
1 CFQ26W/G2 1 MAG STD 227 V Mag. Stand. 33
4d-3 277
2 CFQ26W/IG2 2 MAG STD 227 V Mag. Stand. 66
4d-3 277
1 CFQ26W/G2 1 ELECT 277V 277V Electronic 27
4d-3
2 CFQ26W/G2 2 ELECT 277V 277V Electronic 54
4d-3
Quad (28W 1 CFQ28W/GX 1 MAG STD Mag. Stand. 34 6.8" MOL
GX32d Two Pin Base) 32d-3
2 CFQ28W/GX 2 MAG STD Mag. Stand. 68
32d-3
Quad (10 W 1 CFQ10W/IG2 1 MAG STD 120 V Mag. Stand. 16 4.6" MOL
G24qg-1 Four Pin 4q9-1 120
Base) 2 CFQIOW/G2 2 MAGSTD 120V Mag. Stand. 32
49-1 120
1 CFQ10W/G2 1 MAG STD 227 V Mag. Stand. 13
4g-1 277
2 CFQ10W/IG2 2 MAG STD 227 V Mag. Stand. 26
49-1 277
Quad (13 W 1 CFQ13W/G2 1 MAG STD 120 V Mag. Stand. 18 6.0" MOL
G24q9-1 Four Pin 49-1 120
Base) 2 CFQ13W/G2 2 MAGSTD 120V Mag. Stand. 36
4g-1 120
1 CEFQ13W/G2 1 MAG STD 227 V Mag. Stand. 16
49-1 277
2 CFQ13W/G2 2 MAG STD 227 V Mag. Stand. 32
4g-1 277
1 CFQ13W/IG2 1 ELECT Electronic 14
49-1
2 CFQ13WI/IG2 2 ELECT Electronic 25
49-1
Quad (13 W 1 CFQ13W/GX 1 MAG STD Mag. Stand. 17 4.8" MOL
GX7 Four Pin Base) 7
2 CFQ13W/GX 2 MAG STD Mag. Stand. 34
7
Quad (18 W 1 CFQ18W/IG2 1 MAG STD 120 V Mag. Stand. 25 6.8" MOL
G24g-2 Four Pin 49-2 120
Base) 2 CFQ18W/G2 2 MAG STD 120V Mag. Stand. 50
4q9-2 120
1 CFQ18W/G2 1 MAG STD 227V Mag. Stand. 22
49-2 277
2 CFQ18W/IG2 2 MAG STD 227 V Mag. Stand. 44
4g-2 277
1 CFQ18W/G2 1 ELECT Electronic 21
49-2
2 CFQ18W/IG2 2 ELECT Electronic 38
49-2
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Lamps Ballasts
System
Type Number Designation Number Designation Description Watts Comment
Triple (13 W 1 CEM 1 MAG STD Mag. Stand. 18 4.2" MOL
GX249g-1 Four Pin 13W/GX24qg-
Base) 1
2 CEM 2 MAG STD Mag. Stand. 36
13W/GX24q-
1
1 CEFM 1 ELECT Electronic 14
13W/GX24q-
1
2 CEM 2 ELECT Electronic 25
13W/GX24q-
1
Triple (18W 1 CEM 1 MAG STD Mag. Stand. 25 5.0" MOL
GX249g-2 Four Pin 18W/GX244g-
Base) 2
2 CEM 2 MAG STD Mag. Stand. 50
18W/GX24q-
2
1 CEM 1 ELECT Electronic 21
18W/GX24q-
2
2 CEM 2 ELECT Electronic 38
18W/GX24q-
2
Triple (26W 1 CFTR 1 MAG STD Mag. Stand. 37 49t05.4"
GX249g-3 Four Pin 26W/GX24q9- MOL
Base) 3
2 CFTR 2 MAG STD Mag. Stand. 74
26W/GX24q-
3
1 CFTR 1 ELECT Electronic 28
26W/GX24q-
3
2 CFTR 1 ELECT Electronic 55
26W/GX24q-
3
1 CFTR 1 ELECT DIM  Electronic Dimming 8~29 BF .05~1.0
26W/GX24q-
3
2 CFTR 1 ELECT DIM  Electronic Dimming  12~57 BF .05~1.0
26W/GX24q-
3
Triple (32 W 1 CFTR32WGX 1 ELECT Electronic 35
GX249-3 Four Pin 249-3
Base) 2 CFTR32WGX 1 ELECT Electronic 69
249-3
1 CFTR32WGX 1 ELECT DIM Electronic DImming 9~38 BF .05~1.05
249-3
2 CFTR32WGX 1 ELECT DIM  Electronic Dimming 20~76 BF .05~1.05
249-3
Triple or Quad (42W, 1 CFTR42WGX 1 ELECT Electronic 46
GX249-4 Four Pin 249-4
Base) 2 CFTR42WGX 1 ELECT Electronic 94
249-4
1 CFTR42WGX 1 ELECT DIM  Electronic Dimming  10~49 BF .05~1.05
24q-4

Appendix NB - llluminance Categories and Luminaire Power
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Lamps Ballasts
— System

Type Number Designation Number Designation Description Watts Comment

Triple or Quad (42W, 2 CFTR42WGX 1 ELECTDIM Electronic Dimming 20~98  BF .05~1.05

GX24g-4 Four Pin 24q-4

Base) cont.

Triple or Quad (57W, 1 CFTR57WGX 1 ELECT Electronic 62

GX24g-5 Four Pin 24q-5

Base) 1 CFTR57WGX 1 ELECTDIM Electronic Dimming  18~66 BF .05~1.05
249-5

Triple or Quad (70W, 1 CFTR70WGX 1 ELECT Electronic 75

GX24q-6 _Four Pin 249-6

Base) 1 CFTR70WGX 1 ELECTDIM Electronic Dimming  18~80 BF .05~1.00
249-6

RO = ballast factor 70 to 85%  NO = ballast factor 85 to 100% HO = ballast factor >100%

Appendix NB - llluminance Categories and Luminaire Power
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Table NB-4 —Long Compact Fluorescent

Lamps Ballasts System
Type Number Designation Number Designation Description Watts  Comment
T5 Twin (18W - 1 FT18W/2G11 1 MAG. Mag. Energy Efficient 23 BF~1.0
F18TT Lamp) 2 FT18W2G11 1 MAG. Mag. Enerqy Efficient 46 BF~1.0
3 FT18W/2G11 1 MAG. Mag. Energy Efficient 69
1 ET18W/2G11 1 ELECT Electronic 24
2 ET18W/2G11 1 ELECT Electronic 35
3 ET18W/2G11 1 ELECT Electronic 52
T5 Twin (24-27W- 1 FT24W/2G11 1 MAG. Mag. Energy Efficient 32
W 2 FT24W/2G11 1 MAG. Mag. Energy Efficient 66
3 FT24W/2G11 1 MAG. Mag. Energy Efficient 98
1 FT24W/2G11 1 ELECT Electronic 27 BF~1.0
2 FT24W/2G11 1 ELECT Electronic 52 BF~1.0
T5 Twin (36-39W - 1 FT36W/2G11 1 MAG. Mag. Energy Efficient 51
W 2 FT36W/2G11 1 MAG. Mag. Enerqy Efficient 66
3 FT36W/2G11 2 MAG. Mag. Energy Efficient 117
1 FT36W/2G11 1 ELECT Electronic 37
2 FT36W/2G11 1 ELECT Electronic 70
1 ET36W/2G11 1 ELECTHO  Electronic High Output 46 BF=1.22
2 ET36W/2G11 1 ELECTHO  Electronic High Output 86 BF=1.20
T5 Twin (40 W - 1 ET40W/2G11 1 MAG. Mag. Energy Efficient 43
F40TT Lamp) 2 FT40W2G11 1 MAG. Mag. Enerqy Efficient 86
3 FT40W/2G11 2 MAG. Mag. Energy Efficient 130
Electronic Ballasts 1 ET40W/2G11 1 ELECT NO Electronic 41 BF~.90
2 FT40W/2G11 1 ELECT NO1 Electronic 72 BF~.88
2 FT40W/2G11 1 ELECT NO2 Electronic 78 BF~.97
3 FT40W/2G11 1 ELECT NO Electronic 103 BF~.86
1 ET40W/2G11 1 ELECT HO Electronic High Output 50 BF~1.1
1 FT40W/2G11 1 ELECT Electronic Dimming 10-41 BF.05~1.0
DIM1
2 ET40W/2G11 1 ELECT Electronic Dimming 17-80 BF .05~1.0
DIM1
1 FT40W/2G11 1 ELECT Electronic Dimming 11-38  BF .05~.88
DIM2
2 ET40W/2G11 1 ELECT Electronic Dimming 16-76  BF .05~.88
DIM2
T5 Twin (50 W - 1 ET50W/2G11 1 ELECT NO  Electronic Normal 54 BF~.98
F50TT Lamp) Output
ET50W/2G11 1 ELECT NO Electronic Normal 106 BF~.98
Output
1 ET50W/2G11 1 ELECT HO Electronic High Output 61 BF~1.12
2 ET50W/2G11 1 ELECT HO Electronic High Output 115 BF~1.10
1 ET50W/2G11 1 ELECT DIM Electronic Dimming 51
2 FT50W/2G11 1 ELECT DIM Electronic Dimming 92
T5 Twin (55 W - 1 FT55W/2G11 1 ELECT NO Electronic Normal 58 BF~.92
E55TT Lamp) Qutput
ET55W/2G11 1 ELECT NO Electronic Normal 109 BF~.90

Output
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Lamps Ballasts
— System

Type Number Designation Number Designation Description Watts Comment

1 FT55W/2G11 1 ELECT DIM Electronic Dimming 13-59  BF .03~.90

2 ET55W/2G11 1 ELECT DIM Electronic Dimming 24-114 BF .03~.90
T5 Twin (80 W — 1 ET80W/2G11 1 ELECT NO Electronic 91 BF~1.00
F80TT Lamp)

RO = ballast factor 70 to 85% NO = ballast factor 85 to 100% HO = ballast factor >100%
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Table NB-5 — Fluorescent U-Tubes

Type Lamps Ballasts System Comment
- - Watts
Designatio
Number Designation Number n Description
2 ft. Fluorescent U- 1 FB31T8/F32T8U 0.5 MAG. Mag. Energy Efficient 35 Tandem
Tube T8 (32W - wired
FBO31T8 or —
F32T8/U/6 Lamp) 1 FB31T8/F32T8U 1 MAG. Mag. Enerqgy Efficient 36
2 FB31T8/F32T8U 1 MAG. Mag. Energy Efficient 69
3 FB31T8/F32T8U 1.5 MAG. Mag. Energy Efficient 104 Tandem
wired
3 FB31T8/F32T8U 2 MAG. Mag. Energy Efficient 105
1 FB31T8/F32T8U 1 ELECT NO Electronic Normal 39
Output
2 FB31T8/F32T8U 1 ELECT NO Electronic Normal 62
Output
3 FB31T8/F32T8U 1 ELECT NO Electronic Normal 92
Output
4 FB31T8/F32T8U 1 ELECT NO Electronic Normal
Output
1 FB31T8/F32T8U 1 ELECT Electronic Dimming  9~33 BF .05~.88
DIM
2 FB31T8/F32T8U 1 ELECT Electronic DImming 14~64 BF .05~.88
DIM
3 FB31T8/F32T8U 1 ELECT Electronic Dimming 18~93 BF .05~.88
DIM
4 FB31T8/F32T8U 1 ELECT Electronic Dimming 25~116 BF .05~.88
DIM
2 ft. Fluorescent U- 1 FB40T12/ES 0.5 MAG. Mag. Energy Efficient 36 Tandem
Tube T12 (“Energy wired
Saving” 34W 1 FB40T12/ES 1 MAG. Mag. Energy Efficient 43
2 FB40T12/ES 1 MAG. Mag. Energy Efficient 72
3 FB40T12/ES 1 MAG. Mag. Energy Efficient 105
3 FB40T12/ES 1.5 MAG. Mag. Energy Efficient 108 Tandem
wired
3 FB40T12/ES 2 MAG. Mag. Energy Efficient 115
1 FB40T12/ES 0.5 ELECT Electronic 30 Tandem
wired
1 FB40T12/ES 1 ELECT Electronic 31
2 FB40T12/ES 1 ELECT Electronic 59
3 FB40T12/ES 1 ELECT Electronic 90
3 FB40T12/ES 1.5 ELECT Electronic 88 Tandem
wired
3 FB40T12/ES 2 ELECT Electronic 90

RO = ballast factor 70 to 85% NO = ballast factor 85 to 100% HO = ballast factor >100%
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Table NB-6 — Fluorescent Linear Lamps — Preheat

Type Lamps Ballasts System Comment
Nmbr Designation Nmbr  Designation Description Watts

Fluorescent Preheat 1 F8T5 1 MAG STD Mag. Stand. 12 12" MOL
T5 (8W)

Fluorescent Preheat 1 F15T8 1 MAG STD Mag. Stand. 19 18" MOL
T8 (15W

Fluorescent Preheat 1 F15T12 1 MAG STD Mag. Stand. 19 18" MOL
T12 (15W)

Fluorescent Preheat 1 F20T12 1 MAG STD Mag. Stand. 25 24" MOL
T12 (20W 2 F20T12 1 MAG STD  Mag. Stand. 50 24" MOL
Fluorescent Preheat 1 F30T8 1 MAG STD Mag. Stand. 46 30" MOL
T8 (30W 2 F30T8 1 MAG STD Mag. Stand. 79 30" MOL

RO = ballast factor 70 to 85%  NO = ballast factor 85 to 100% HO = ballast factor >100%

Table NB-7 — Fluorescent Linear Lamps T5

Type Lamps Ballasts System Comment
Number Designation Number Designation Description Watts
~23” Fluorescent 1 F14T5 1 ELECT Elect. Program Start 18
Program Start T5 BF=1
14W 2 F14T5 1 ELECT Elect. Program Start 34
BF=1
~34.5" Fluorescent 1 F21T5 1 ELECT Elect. Program Start 27
Program Start T5 BF=1
21W) 2 F21T5 1 ELECT Elect. Program Start 50
BF=1
~46” Fluorescent 1 F28T5 1 ELECT Elect. Program Start 30
Program Start T5 BF=1
(28W) 2 F28T5 1 ELECT  Elect. Program Start 60
BF=1
~58.5" Fluorescent 1 F35T5 1 ELECT Elect. Program Start 40
Program Start TS BF=1
(35W) 2 F35T5 1 ELECT  Elect. Program Start 78
BF=1
~23” Fluorescent 1 F24T5HO 1 ELECT Elect. Program Start 27
Program Start T5 BF=1
High Outpul 24W) — —) F24T5HO 1 ELECT  Elect Program Start 52
BF=1
~34.5" Fluorescent 1 F39T5 1 ELECT Elect. Program Start 43
Program Start T5 BF=1
- —
High Output(39W) 5 F39T5 1 ELECT Elect. Program Start 85
BF=1
~46” Fluorescent 1 F54T5 1 ELECT Elect. Program Start 62
Program Start T5 BF=1
- —
High Output (54W) F54T5 1 ELECT  Elect Program Start 117
BF=1
1 F54T5 1 ELECT Elect. Dimming 12-63
DIM
2 F54T5 1 ELECT Elect. Dimming 24-125
DIM
~57.5” Fluorescent 1 °F80T5 1 ELECT Elect. Program Start 89
Program Start T5 BF=1

High Output (80W)

RO = ballast factor 70 to 85%  NO = ballast factor 85 to 100% HO = ballast factor >100%
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Table NB-8 — Fluorescent Rapid Start T-8
Type Lamps Ballasts System Comment
Watts
Number Designation Number Designation Description
2 foot Fluorescent 1 F17T8 1 MAG. Mag. Energy 24
Rapid Start T8 (17W) Efficient
2 F17T8 1 MAG. Mag. Energy 45
Efficient
Electronic Ballasts 1 F17T8 1 ELECT NO Electronic Normal 22
Output
2 F17T8 1 ELECT NO Electronic Normal 33
Output
3 F17T8 1 ELECT NO Electronic Normal 53
Output
3 F17T8 2 ELECT NO Electronic Normal 55
Output
4 F17T8 1 ELECT NO Electronic Normal 63
Output
2 foot Fluorescent 1 F17T8 1 ELECT Electronic Dimming  8~20 BF .05~.88
Rapid Start T8 (17W) DIM
2 F17T8 1 ELECT Electronic Dimming  10~37 BF .05~.88
DIM
3 F17T8 1 ELECT Electronic Dimming  12~56  BF .05~.88
DIM
4 F17T8 1 ELECT Electronic Dimming 18~69 BF .05~.88
DIM
3 foot Fluorescent 1 F25T8 1 MAG. Mag. Energy 33
Rapid Start T8 (25W) Efficient
2 F25T8 1 MAG. Mag. Energy 65
Efficient
Electronic Ballasts 1 F25T8 1 ELECT NO Electronic Normal 27
Output
2 F25T8 1 ELECT NO Electronic Normal 48
Output
3 F25T8 1 ELECT NO Electronic Normal 68
Output
4 F25T8 1 ELECT NO Electronic Normal 89
Output
1 F25T8 1 ELECT RO Electronic Reduced 24
Output
2 F25T8 1 ELECT RO Electronic Reduced 41
Output
3 F25T8 1 ELECT RO Electronic Reduced 59
Output
4 F25T8 1 ELECT RO Electronic Reduced 76
Output
1 F25T8 1 ELECT HO Electronic High 29 BF~1.05
Output
2 F25T8 1 ELECT HO Electronic High 51 BF~1.05
Output
3 F25T8 1 ELECT HO Electronic High 74 BF~1.05
Output
1 F25T8 1 ELECT Electronic Dimming  8~25 BF .05~.94
DIM
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Type

" Electronic Ballasts

Lamps

Ballasts

System Comment
Watts

Number Designation

Number Designation

Description

2 F25T8 1 ELECT Electronic Dimming 13~49 BF .05~.94
cont. DIM
3 F25T8 1 ELECT Electronic Dimming 16~76  BF .05~.94
DIM
4 F25T8 1 ELECT Electronic Dimming 22~96 BF .05~.88
DIM
4 foot Fluorescent 1 F25T12ES 1 ELECT NO Electronic Normal 27
Rapid Start T12 for T- Output
8 ballasts (‘Ener 2 F25T12ES 1 ELECTNO Electronic Normal 52
Saving” 25W —
Output
3 F25T12ES 1 ELECT NO Electronic Normal 77
Output
4 F25T12ES 1 ELECT NO Electronic Normal 95
Output
4 foot Fluorescent 1 F32T8/30ES 1 ELECT NO Electronic Normal 29
Instant Start T8 Output
(Energy Saving” 2 F32T8/30ES 1 ELECTNO Electronic Normal 54
30w
Output
3 F32T8/30ES 1 ELECT NO Electronic Normal 79
Output
4 F32T8/30ES 1 ELECT NO Electronic Normal 104
Output
1 F32T8/30ES 1 ELECT RO Electronic Reduced 27
Output
2 F32T8/30ES 1 ELECT RO Electronic Reduced 48
Output
3 F32T8/30ES 1 ELECT RO Electronic Reduced 70
Output
4 F32T8/30ES 1 ELECT RO Electronic Reduced 91
Output
1 F32T8/30ES 1 ELECT NO EE Normal Qutput 33
EE
2 F32T8/30ES 1 ELECT NO Energy efficiency 52
EE Normal Output
3 F32T8/30ES 1 ELECT NO Energy efficiency 77
EE Normal Output
4 F32T8/30ES 1 ELECT NO Energy efficiency 101
EE Normal Output
1 F32T8/30ES 1 ELECT RO EE Reduced Output 28
EE
2 F32T8/30ES 1 ELECT RO EE Reduced Output 45
EE
3 F32T8/30ES 1 ELECT RO EE Reduced Output 66
EE
4 F32T8/30ES 1 ELECT RO EE Reduced Output 88
EE
4 foot Fluorescent 1 F32T8 0.5 MAG. Mag. Energy 35 Tandem
Rapid Start T8 (32W) Efficient wired
1 F32T8 1 MAG. Mag. Energy 39
Efficient
2 F32T8 1 MAG. Mag. Energy 70
Efficient
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Type Lamps Ballasts System Comment
Watts
Number Designation Number Designation Description
4 foot Fluorescent F32T8 1.5 MAG. Mag. Energy 105 Tandem
Rapid Start T8 (32W) _ Efficient T wired
cont.
3 F32T8 2 MAG. Mag. Energy 109
Efficient
4 F32T8 2 MAG. Mag. Energy 140 (2) two-lamp
Efficient ballasts
4 foot Fluorescent 1 F32T8 1 ELECT NO Electronic Normal 32
Rapid Start T8 (32W) Output
2 F32T8 1 ELECT NO Electronic Normal 62
Output
3 F32T8 1 ELECT NO Electronic Normal 93
Output
F32T8 ELECT NO Electronic Normal 114
Output
1 F32T8 1 EE NO EE Normal Output 35
2 F32T8 1 EE NO EE Normal Output 55
3 F32T8 1 EE NO EE Normal Output 82
4 F32T8 1 EE NO EE Normal Output 107
1 F32T8 1 ELECT RO Electronic Reduced 29
Output
F32T8 1 ELECT RO Electronic Reduced 51
Output
3 F32T8 1 ELECT RO Electronic Reduced 76
Output
4 F32T8 1 ELECT RO Electronic Reduced 98
Output
2 F32T8 1 ELECT HO Electronic High 77 BF~1.13
Output
F32T8 ELECT HO Electronic High 112 BF~1.18
Output
1 F32T8 1 EE RO EE Reduced Output 30
2 F32T8 1 EE RO EE Reduced Output 48
3 F32T8 1 EE RO EE Reduced Output 73
4 F32T8 1 EE RO EE Reduced Output 96
2 F32T8 1 ELECT TL Electronic Two Level 65
(50 & 100%)
1 F32T8 1 ELECT Electronic Dimming  9~35 BF .05~1.0
DIM1
2 F32T8 1 ELECT Electronic Dimming  15~68 BF .05~1.0
DIM1
3 F32T8 1 ELECT Electronic Dimming  20~102 BF .05~1.0
DIM1
1 F32T8 1 ELECT Electronic Dimming  9~33 BF .05~.88
DIM2
2 F32T8 1 ELECT Electronic Dimming  14~64 BF .05~.88
DIM2
3 F32T8 1 ELECT Electronic Dimming  18~93 BF .05~.88
DIM2
4 F32T8 1 ELECT Electronic Dimming  25~116 BF .05~.88
DIM2
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Type Lamps Ballasts System Comment
Watts
Number Designation Number Designation Description
5 foot Fluorescent 1 F40T8 1 MAG. Mag. Energy 50
Rapid Start T8 (40W) Efficient
F40T8 1 MAG. Mag. Energy 92
Efficient
1 F40T8 1 ELECT Electronic 46
2 F40T8 1 ELECT Electronic 79
3 F40T8 1 ELECT Electronic 112
3 foot Fluorescent 1 F30T12/ES 1 MAG STD Mag. Stand. 42
Rapid Start T12 = 7 F30T12/ES 1 MAGSTD Mag. Stand. 74
(“Energy-Saving
25W 3 F30T12/ES 1.5 MAG STD Mag. Stand. 11 Tandem
wired
3 F30T12/ES 2 MAG STD Mag. Stand. 116
2 F30T12/ES 1 MAG. Mag. Energy 66
Efficient
1 F30T12/ES 1 ELECT Electronic 26
2 F30T12/ES 1 ELECT Electronic 53
3 foot Fluorescent 1 F30T12 1 MAG STD Mag. Stand. 46
Rapid Start T12
(“Stand.” 30W) 2 F30T12 1 MAG STD Mag. Stand. 79
3 F30T12 1.5 MAG STD  Mag. Stand. 118 Tandem
wired
3 F30T12 2 MAG STD  Mag. Stand. 125
2 F30T12 1 MAG. Mag. Energy 73
Efficient
1 F30T12 1 ELECT Electronic 30
2 F30T12 1 ELECT Electronic 60
4 foot Fluorescent 1 F40T12/ES Plus 0.5 MAG. Mag. Energy 34 Tandem
Rapid Start T12 Efficient wired
(“Energy-Saving 1
g F40T12/ES Plus 1 MAG. Mag. Energy 41
Plus'32W - - Efficient -
2 F40T12/ES Plus 1 MAG. Mag. Energy 68
Efficient
3 F40T12/ES Plus 1 MAG. Mag. Energy 99
Efficient
3 F40T12/ES Plus 1.5 MAG. Mag. Energy 102 Tandem
Efficient wired
3 F40T12/ES Plus 2 MAG. Mag. Energy 109
Efficient
4 F40T12/ES Plus 2 MAG. Mag. Energy 136 (2) Two-
Efficient lamp
ballasts

RO = ballast factor 70 to 85%  NO = ballast factor 85 to 100% HO = ballast factor >100%
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Table NB-9 — Fluorescent Rapid Start T-12

Type Lamps Ballasts System Comment
Watts
Number Designation Number Designation Description
4 foot Fluorescent 1 F40T12/ES 0.5 MAG STD** Mag. Stand. 42 Tandem
Rapid Start T12 wired
(‘Energy-Saving’34W) =y F40T12/ES 1 MAG STD** Mag. Stand. 48
2 F40T12/ES 1 MAG STD** Mag. Stand. 82
3 F40T12/ES 1.5 MAG STD** Mag. Stand. 122 Tandem
wired
3 F40T12/ES 2 MAG STD** Mag. Stand. 130
4 F40T12/ES 2 MAG STD** Mag. Stand. 164 (2) Two-
lamp
ballasts
1 F40T12/ES 0.5 MAG. Mag. Energy 36 Tandem
Efficient wired
1 F40T12/ES 1 MAG. Mag. Energy 43
Efficient
2 F40T12/ES 1 MAG. Mag. Energy 72
Efficient
3 F40T12/ES 1 MAG. Mag. Energy 105
Efficient
3 F40T12/ES 1.5 MAG. Mag. Energy 108 Tandem
Efficient wired
3 F40T12/ES 2 MAG. Mag. Energy 112
Efficient
4 F40T12/ES 2 MAG. Mag. Energy 144 (2) Two-
Efficient lamp
ballasts
2 F40T12/ES 1 MAG HC Mag. Heater Cutout 58
3 F40T12/ES 1.5 MAG HC Mag. Heater Cutout 87 Tandem
wired
4 F40T12/ES 2 MAG HC Mag. Heater Cutout 116 (2) Two-
lamp
ballasts
2 F40T12/ES 1 MAG HC FO Mag. Heater Cutout 66
Full Light
3 F40T12/ES 1.5 MAG HC FO Mag. Heater Cutout 99 Tandem
Full Light wired
4 F40T12/ES 2 MAG HC FO Mag. Heater Cutout 132 (2) Two-
Full Light lamp
ballasts
F40T12/ES 0.5 ELECT Electronic 30 Tandem
wired
1 F40T12/ES 1 ELECT Electronic 31
2 F40T12/ES 1 ELECT Electronic 62
3 F40T12/ES 1 ELECT Electronic 90
3 F40T12/ES 1.5 ELECT Electronic 93 Tandem
wired
3 F40T12/ES 2 ELECT Electronic 93
4 F40T12/ES 1 ELECT Electronic 121
4 F40T12/ES 2 ELECT Electronic 124 (2) Two-
lamp
ballasts
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Type Lamps Ballasts System Comment
Watts
Number Designation Number Designation Description
4 foot Fluorescent 2 F40T12/ES 1 ELECTAO  Elec. Adjustable 60
Rapid Start T12 Output (to 15%)
gfrfterqv'sa"'”q 34W) 75 FAOT12/ES 15  ELECTAO Elec. Adjustable 20 Tandem
_ Output (to 15%) wired
4 F40T12/ES 2 ELECT AO  Elec. Adjustable 120 (2) Two-
Output (to 15%) lamp
ballasts
4 foot Fluorescent 1 F40T12 0.5 MAG. Mag. Energy 44 Tandem
Rapid Start Stand. Efficient wired
(40W) 1 F40T12 1 MAG. Mag. Energy 46
Efficient
2 F40T12 1 MAG. Mag. Energy 88
Efficient
3 F40T12 1 MAG. Mag. Energy 127
Efficient
3 F40T12 1.5 MAG. Mag. Energy 132 Tandem
Efficient wired
3 F40T12 2 MAG. Mag. Energy 134
Efficient
4 F40T12 2 MAG. Mag. Energy 176 (2) Two-
Efficient lamp
ballasts
2 F40T12 1 MAG HC Mag. Heater Cutout 71
3 F40T12 1.5 MAG HC Mag. Heater Cutout 107 Tandem
wired
4 F40T12 2 MAG HC Mag. Heater Cutout 142 (2) Two-
lamp
ballasts
2 °F40T12 1 MAG °F FO Mag. Heater Cutout 80
Full Light
3 °F40T12 1.5 MAG °F FO Mag. Heater Cutout 120 Tandem
Full Light wired
4 °F40T12 2 MAG °F FO Mag. Heater Cutout 160 (2) Two-
Full Light lamp
ballasts
°F40T12 0.5 ELECT Electronic 36 Tandem
wired
1 °F40T12 1 ELECT Electronic 37
2 °F40T12 1 ELECT Electronic 72
3 °F40T12 1 ELECT Electronic 107
3 °F40T12 1.5 ELECT Electronic 108 Tandem
wired
3 °F40T12 2 ELECT Electronic 109
4 °F40T12 1 ELECT Electronic 135
4 °F40T12 2 ELECT Electronic 144 (2) Two-
lamp
ballasts
2 °F40T12 1 ELECT RO  Electronic Reduce 61
Output (75%)
3 °F40T12 1 ELECT RO Electronic Reduce 90
Output (75%)
3 °F40T12 1.5 ELECT RO  Electronic Reduce 92 Tandem
Output (75%) wired
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Type Lamps Ballasts System Comment
Watts

"4 foot Fluorescent
Rapid Start Stand.
(40W) cont.

Number Designation

Number Designation

Description

4 °F40T12 2 ELECT RO  Electronic Reduce 122 (2) Two-
Output (75%) lamp
ballasts
2 °F40T12 1 ELECT TL Elec. Two Level (50 69
& 100%)
3 °F40T12 1.5 ELECT TL Elec. Two Level (50 104 Tandem
& 100%) wired
4 °F40T12 2 ELECT TL Elec. Two Level (50 138 (2) Two-
& 100%) lamp
ballasts
2 °F40T12 1 ELECT AO  Elec. Adjustable 73
Output (to 15%)
3 °F40T12 1.5 ELECT AO  Elec. Adjustable 110 Tandem
Output (to 15%) wired
4 °F40T12 2 ELECT AO  Elec. Adjustable 146 (2) Two-
Output (to 15%) lamp
ballasts
2 °F40T12 1 ELECT DIM Electronic Dimming 83
(to 1%)
3 °F40T12 1.5 ELECT DIM Electronic Dimming 125 Tandem
(to 1%) wired
4 °F40T12 2 ELECT DIM Electronic Dimming 166 (2) Two-
(to 1%) lamp
ballasts

RO = ballast factor 70 to 85%

NO = ballast factor 85 to 100%

HO = ballast factor >100%
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Table NB-10 — Fluorescent Rapid Start High Output (HO) T8 & T12, 8 ft

Type Lamps Ballasts System Comment
Watts
Number Designation Number Designation Description
8 foot Fluorescent 1 F96T8/HO 1 ELECT Electronic 88
Rapid Start T8 High -
Outout (86W 2 F96T8/HO 1 ELECT Electronic 160
8 foot Fluorescent 1 F96T12/HO/ES 1 MAG STD Mag. Stand. 125
Rapid Start T12 High 5 F96T12HOES 1 MAG Mag. Stand. 227
Output (“Energy- STD**
Saving” 95W e
2 F96T12/HO/ES 1 MAG. Mag. Energy 208
Efficient
2 F96T12/HO/ES 1 ELECT Electronic 170
8 foot Fluorescent 1 F96T12/HO 1 MAG STD Mag. Stand. 140
Rapid Start T12 High = F96T12/HO 1 MAG Mag. Stand. 252
Output (“Stand. STD**
110W) _—
2 F96T12/HO 1 MAG. Mag. Energy 237
Efficient
1 F96T12/HO 1 ELECT Electronic 119
2 F96T12/HO 1 ELECT Electronic 205
8 foot Fluorescent 1 F96T12/VHO/ES 1 MAG STD Mag. Stand. 200
Rapid Start T12 Very — F96T12/VHO/ES 1 MAG STD  Mag. Stand. 325
High Output (“Energy-
Saving” 195W
8 foot Fluorescent 1 Stand.96T12/VHO 1 MAG Mag. Stand. 230
Rapid Start T12 Very STAND.
High Output ("Stand.” = Stand.96T12VHO 1 MAG Mag. Stand. 440
215W) STAND.

RO = ballast factor 70 to 85% NO = ballast factor 85 to 100% HO = ballast factor >100%

Table NB-11 — Fluorescent Instant Start (single pin base "Slimline") T12, 4 ft

Type Lamps Ballasts System Comment
Watts
Number Designation Number Designation Description
4 foot Fluorescent 1 Stand.48T12/ES 1 MAG Mag. Stand. 51
Slimline Energy- STAND.
Saving T12 (32W)
Saving T12 (32W 2 Stand.48T12ES 1 MAG Mag. Stand. 82
STAND.
4 foot Fluorescent 1 Stand.48T12 1 MAG Stand. Mag. Stand. 59
Slimline Stand. Stand. ~» Stand.48T12 1 MAG Stand. Mag. Stand. 98

(39W)

RO = ballast factor 70 to 85%  NO = ballast factor 85 to 100% HO = ballast factor >100%
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Table NB-12 — Fluorescent Instant Start (single pin base "Slimline") T8 & T12, 8 ft.
Type Lamps Ballasts System Comment
Watts
Number Designation Number Designation Description
8 foot Fluorescent T8 1 F96T8 1 MAG. Mag. Stand. 58
Slimline (59W)
2 F96T8 1 MAG. Mag. Stand. 120
2 F96T8 1 ELECT NO  Electronic Normal 110
Output
1 F96T8 1 ELECT HO Electronic High 72 BF~1.10
Output
2 F96T8 1 ELECT HO1 Electronic High 140 BF~1.10
Output
F96T8 1 ELECT HO2 Electronic High 151 BF~1.20
Output
8 foot Fluorescent 1 F96T12/ES 1 MAG STD Mag. Stand. 74
T12 Slimline (“Energy- .
Saving” 60W 2 F96T12/ES 1 MAG STD Mag. Stand. 131
2 F96T12/ES 1 MAG. Mag. Energy 112
Efficient
1 F96T12/ES 1 ELECT Electronic 70
2 F96T12/ES 1 ELECT Electronic 107
8 foot Fluorescent 1 F96T12 1 MAG STD Mag. Stand. 92
;gévs"m"”e (‘Stand.” 7 F96T12 1 MAG STD** Mag. Stand. 158
2 F96T12 1 MAG. Mag. Energy 144
Efficient
1 F96T12 1 ELECT Electronic 85
2 F96T12 1 ELECT Electronic 132

RO = ballast factor 70 to 85%  NO = ballast factor 85 to 100% HO = ballast factor >100%
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Table NB-13 — High Intensity Discharge

Type Lamps Ballasts System Comment
Watts
Number Designation Number Designation Description
Mercury Vapor 1 H40 1 MAG STD Mag. Stand. 51
1 H50 1 MAG STD Mag. Stand. 63
1 H75 1 MAG STD Mag. Stand. 88
1 H100 1 MAG STD Mag. Stand. 119
1 H175 1 MAG STD Mag. Stand. 197
1 H250 1 MAG STD Mag. Stand. 285
1 H400 1 MAG STD Mag. Stand. 450
1 H1000 1 MAG STD Mag. Stand. 1080
Metal Halide 1 M35/39 1 MAG STD Mag. Stand. 48
1 M35/39 1 ELECT Electronic 44
1 M50 1 MAG STD Mag. Stand. 68
1 M50 1 ELECT Electronic 58
1 M70 1 MAG STD Mag. Stand. 92
1 M70 1 ELECT Electronic 86
1 M100 1 MAG STD Mag. Stand. 122
1 M100 1 ELECT Electronic 110
1 M125 1 MAG STD Mag. Stand. 150
1 M150 1 MAG STD Mag. Stand. 186
1 M150 1 ELECT Electronic 168
1 M175 1 MAG STD Mag. Stand. 205
1 M200 1 MAG STD Mag. Stand. 232
1 M225 1 MAG STD Mag. Stand. 258
1 M250 1 MAG STD Mag. Stand. 295
1 M320 1 MAG STD Mag. Stand. 365
1 M320 1 MAG LR 277v Linear Reactor 345
1 M360 1 MAG STD Mag. Stand. 422
1 M360 1 MAG LR 277v Linear Reactor 388
1 M400 1 MAG STD Mag. Stand. 461
1 M400 1 MAG LR 277v Linear Reactor 426
1 M450 1 MAG STD Mag. Stand. 502
1 M450 1 MAG LR 277v Linear Reactor 478
1 M750 1 MAG STD Mag. Stand. 820
1 M900 1 MAG STD Mag. Stand. 990
1 M1000 1 MAG STD Mag. Stand. 1080
1 M1500 1 MAG STD Mag. Stand. 1650
1 M1650 1 MAG STD Mag. Stand. 1810
High Pressure 1 S35 1 MAG STD Mag. Stand. 44
Sodium 1 S50 1 MAG STD Mag. Stand. 61
1 S70 1 MAG STD Mag. Stand. 93
1 S100 1 MAG STD Mag. Stand. 116
1 S150 1 MAG STD Mag. Stand. 173
1 S200 1 MAG STD Mag. Stand. 240
1 S250 1 MAG STD Mag. Stand. 302
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Type Lamps Ballasts System Comment
Watts
Number Designation Number Designation Description
High Pressure 1 S400 1 MAG STD Mag. Stand. 469
Sodium cont.
1 S1000 1 MAG STD Mag. Stand. 1090
Low Pressure Sodium 1 LPS18 1 MAG Mag. Stand. 30
STAND.
LPS35 1 MAG Mag. Stand. 60
STAND.
1 LPS55 1 MAG Mag. Stand. 80
STAND.
1 LPS90 1 MAG Mag. Stand. 125
STAND.
1 LPS135 1 MAG Mag. Stand. 178
STAND.
1 LPS180 1 MAG Mag. Stand. 220
STAND.

RO = ballast factor 70 to 85% NO = ballast factor 85 to 100% HO = ballast factor >100%
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Table NB-14 — 12 Volt Tungsten Halogen Lamps Including MR16, Bi-pin, AR70, AR111, PAR36

Type Lamps Ballasts System Comment
Watts

Number Designation Number Designation Description

1 20 watt lamp 1 ELECT Electronic Power 23
Supply

1 25 watt lamp 1 ELECT Electronic Power 28
Supply

1 35 watt lamp 1 ELECT Electronic Power 38
Supply

1 37 watt lamp 1 ELECT Electronic Power 41
Supply

1 42 watt lamp 1 ELECT Electronic Power 45
Supply

1 50 watt lamp 1 ELECT Electronic Power 54
Supply

1 65 watt lamp 1 ELECT Electronic Power 69
Supply

1 71 watt lamp 1 ELECT Electronic Power 75
Supply

1 75 watt lamp 1 ELECT Electronic Power 80
Supply

1 100 watt lamp 1 ELECT Electronic Power 106
Supply

1 20 watt lamp 1 MAG Mag. Transformer 24

1 25 watt lamp 1 MAG Mag. Transformer 29

1 35 watt lamp 1 MAG Mag. Transformer 39

1 37 watt lamp 1 MAG Mag. Transformer 42

1 42 watt lamp 1 MAG Mag. Transformer 46

1 50 watt lamp 1 MAG Mag. Transformer 55

1 65 watt lamp 1 MAG Mag. Transformer 70

1 71 watt lamp 1 MAG Mag. Transformer 76

1 75 watt lamp 1 MAG Mag. Transformer 81

1 100 watt lamp 1 MAG Mag. Transformer 108
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CHAPTER 24

THERMAL AND WATER VAPOR TRANSMISSION DATA

Building Envelopes
Calculating Overall Thermal Resistances
Mechanical and Industrial Systems
Calculating Heat Flow for Buried Pipelines

HIS chapter presents thermal and water vapor transmission

data based on steady-state or equilibrium conditions. Chapter 3
covers heat transfer under transient or changing temperature condi-
tions. Chapter 22 discusses selection of insulation materials and
procedures for determining overall thermal resistances by simpli-
fied methods.

BUILDING ENVELOPES

Thermal Transmission Data for Building Components

The steady-state thermal resistances (R-values) of building com-
ponents (walls, floors, windows, roof systems, etc.) can be calcu-
lated from the thermal properties of the materials in the component;
or the heat flow through the assembied component can be measured
directly with laboratory equipment such as the guarded hot box
(ASTM Standard C 236) or the calibrated hot box (ASTM Standard
C976).

Tables | through 6 list thermal values, which may be used to cal-
culate thermal resistances of building walls, floors, and ceilings.
The values shown in these tables were developed under ideal con-
ditions. In practice, overall thermal performance can be reduced sig-

ntinany hy such factors-as-improper-installation-and chrinqugp’
settling, or compression of the insulation (Tye and Desjarlais 1983;
Tye 1985, 1986).

Most values in these tables were obtained by accepted ASTM
test methods described in ASTM Standards C 177 and C 518 for
materials and ASTM Standards C 236 and C 976 for building enve-
lope components. Because commercially available materials vary,
not all values apply to specific products.

The most accurate method of determining the overall thermal
resistance for a combination of building materials assembled as a
building envelope component is to test a representative sample by a
hot box method. However, all combinations may not be conve-
niently or economically tested in this manner. For many simple con-
structions, calculated R-values agree reasonably well with values
determined by hot box measurement.

The performance of materials fabricated in the field is especially
subject to the quality of workmanship during construction and
installation. Good workmanship becomes increasingly important as
the insulation requirement becomes greater. Therefore, some engi-
neers include additional insulation or other safety factors based on
experience in their design.

Figure 1 shows how convection affects surface conductance of
several materials. Other tests on smooth surfaces show that the aver-
age value of the convection part of the surface conductance
decreases as the length of the surface increases. ’

Vapor retarders, which are discussed in Chapters 22 and 23,
require special attention. Moisture from condensation or other
sources may reduce the thermal resistance of insulation, but the
effect of moisture must be determined for each material. For exam-
ple, some materials with large air spaces are not affected signifi-

The preparation of this chapter is assigned to TC 4.4, Thermal Insulation
and Moisture Retarders.
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Fig. 1 Surface Conductance for Different Surfaces as
Affected by Air Movement

cantly if the moisture content is less than 10% by weight, while the
effect of moisture on other materials is approximately linear.

Ideal conditions of components and installations are assumed in
calculating overall R-values (i.e., insulating materials are of uni-
form nominal thickness and thermal resistance, air spaces are of
uniform thickness and surface temperature, moisture effects are not
involved, and installation details are in accordance with design).
The National Institute of Standards and Technology Building Mate-
rials and Structures Report BMS 151 shows that measured values
differ from calculated values for certain insulated constructions. For
this reason, some engineers decrease the calculated R-values a
moderate amount to account for departures of constructions tfrom
requirements and practices.

Tables 3 and 2 give values for well-sealed systems constructed
with care. Field applications can differ substantially from laboratory
test conditions. Air gaps in these insulation systems can seriously
degrade thermal performance as a result of air movement due to
both natural and forced convection. Sabine et al. (1975) found that
the tabular values are not necessarily additive for multiple-layer,
low-emittance air spaces, and tests on actual constructions should
be conducted to accurately determine thermal resistance values.

Values for foil insulation products supplied by manufacturers
must also be used with caution because they apply only to sys-
tems that are identical to the configuration in which the product
was tested. In addition, surface oxidation, dust accumulation,
condensation, and other factors that change the condition of the
low-emittance surface can reduce the thermal effectiveness of

24.1
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24.2

Table 1 Surface Conductances and Resistances for Air

Surface Emittance, ¢

Non-
Direction reflective Reflective

Position of of Heat €=0.90 £=0.20 =005
Surface Flow h; R h; R h; R
STILL AIR

Horizontal Upward [.63 0.61 091 110 076 132

Stoping—45° Upward 1.60 062 088 [.14 073 137

Vertical Horizontal 146 068 074 135 059 170

Sloping—45° Downward 1.32 076 0.60 1.67 045 222

Horizontal Downward .08 092 037 270 022 455

MOVING AIR (Any position) h, R

I5-mph Wind Any 600 017 — — — —
{for winter)
7.5-mph Wind Any 4.00 025 — — — —
{for summer)
Notes:
1. Surface conductance /; and #, measured in Bru/h-f®-°F; resistance R in
°F- ft2. i/Btu.
2. No surface has both an air space resistance value and a surface resistance value,

)

. For ventilated attics or spaces above ceilings under summer conditions (heat flow
down), see Table 5.

. Conductances are for surfaces of the stated emittance facing virtual blackbody sur-
roundings at the same temperature as the ambient air. Values are based on a surface-
air temperature difference of 10°F and for surface temperatures of 70°F

. See Chapter 3 for more detailed information, especially Tables 5 and 6, and see Fig-
ure | for additional data.

6. Condensate can have a significant impact on surface emittance (see Table 2),

S

o

these insulation systems (Hooper and Moroz 1952). Deteriora-
tion results from contact with several types of solutions, either

1997 ASHRAE Fundamentals Handbook

Table 2 Emittance Values of Various Surfaces and Effective
Emittances of Air Spaces®

Effective Emittance
&gy of Air Space

Average OneSurface Both
Emittance Emittance  Surfaces

Surface € ¢; Other, 0.9 Emittance €
Aluminum foil, bright 0.05 0.05 0.03
Aluminum foil, with condensate

just visible (> 0.7 gr/ft®) 0.30" 0.29 —
Aluminum foil, with condensate

clearly visible (> 2.9 gr/ft®) 0.70" 0.05 —
Aluminuimn sheet 0.12 0.12 0.06
Aluminum coated paper, polished 0.20 (.20 0.1
Steel, galvanized, bright 0.25 0.24 0.15
Aluminum paint 0.50 0.47 0.35
Building materials: wood, paper,

masonry, noninetallic paints 0.90 .82 0.82
Regular glass .84 0.77 0.72

AThese values apply in the 4 10 40 wm range of the electromagnetic spectosn.
PValues are based on data presented by Bassett and Trethowen (1984)

acidic _or basic ng’
found in decay-resistant lumber). Polluted environments may
cause rapid and severe material degradation. However, site
inspections show a predominance of well-preserved installations
and only a small number of cases in which rapid and severe dete-
rioration has occurred. An extensive review of the reflective
building insulation system performance literature is provided by
Goss and Miller (1989).

wet_cement mortar or the Presery atives

CALCULATING OVERALL THERMAL
RESISTANCES

Relatively small, highly conductive elements in an insulating
layer called thermal bridges can substantially reduce the average
thermal resistance of a component. Examples include wood and
metal studs in frame walls, concrete webs tn concrete masonry
walls, and metal ties or other elements in insulated wall panels. The
following examples illustrate the calculation of R-values and U-fac-
tors for components containing thermal bridges.

These conditions are assumed in calculating the design R-values:

.

Equilibrium or steady-state heat transfer, disregarding effects
of thermal storage
Surrounding surfaces at ambient air temperature

» Exterior wind velocity of 15 mph for winter (surface
with R = 0.17°F-ft2-h/Btu) and 7.5 mph for summer
(surface with R = 0.25°F - ft2.h/Btu)

* Surface emittance of ordinary building materials is 0.90

Wood Frame Walls

The average overall R-values and U-factors of wood frame
walls can be calculated by assuming either parallel heat flow
paths through areas with different thermal resistances or by
assuming isothermal planes. Equations (1) through (5) from
Chapter 22 are used.

==

} —/t

3

1. Qutside surface 5. Wood Stud

2. Wood bevel lappecdt siding 6. Gypsum Wallboard
3. Sheathing {rigid foam insulation) 7. Inside Surface

4. Mineral fiber batt insulation

Fig.2 Insulated Wood Frame Wall (Example 1)

The framing factor or fraction of the building component that is
framing depends on the specific type of construction, and it may
vary based on local construction practices—even for the same type
of construction. For stud walls 16 in. on center (OC), the fraction of
insulated cavity may be as low as 0.75, where the fraction of studs,
plates, and sills is 0.21 and the fraction of headers is 0.04. For studs
24 in. OC, the respective values are 0.78, 0.18, and 0.04, These frac-
tions contain an allowance for multiple studs, plates, sills, extra
framing around windows, headers, and band joists. These assumed
traming fractions are used in the following example, to illustrate the
importance of including the effect of framing in determining the
overall thermal conductance of a building. The actual framing frac-
tion should be calculated for each specific construction.
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Thermal and Water Vapor Transmission Data 24.3
Table 3 Thermal Resistances of Plane Air Spaces®<, °F-ft?-h/Btu
Air Space 0.5-in. Air Space® 0.75-in. Air Space®
Position of Direction of Mean Temp. Effective Emittance seﬂd'e Effective Emittance eeﬂ-"'e
AirSpace  HeatFlow  Tempd, °F Diffd, °F 0.03 005 0.2 0.5 0.82 0.03  0.05 0.2 0.5 0.82
90 10 2.13 2.03 1.51 0.99 0.73 2.34 2.22 1.61 1.04 0.75
50 30 1.62 1.57 1.29 096 - 075 1.71 1.66 1.35 0.99 0.77
50 10 2.13 2.05 1.60 1.1 0.84 230 221 1.70 i.16 0.87
Horiz. Up 0 20 1.73 1.70 1.45 1.12 0.91 1.83 1.79 1.52 1.16 0.93
0 10 210  2.04 1.70 1.27 1.00 2.23 2.16 1.78 1.31 1.02
-50 20 1.69 1.66 1.49 1.23 1.04 1.77 1.74 1.55 1.27 1.07
-50 10 2.04 2.00 1.75 1.40 1.16 2.16 2.11 1.84 146 1.20
90 10 244 231 1.65 1.06 076 2.96 2.78 1.88 1.15 0.81
50 30 2.06 1.98 1.56 1.10 0.83 1.99 1.92 1.52 1.08 0.82
45° 50 10 2.55 2.44 1.83 1.22 0.90 2.90 275 2.00 1.29 0.94
Stone Up ] 20 220 214 1.76 1.30 1.02 2.13 2.07 1.72 1.28 1.00
P Q 10 2.63 254 203 144 1.10 272 2.62 2.08 1.47 1.12
g ~50 20 2.08 2.04 1.78 1.42 1.17 2.05 2.01 1.76 1.41 1.16
-50 10 2.62 2.56 2.17 1.66 1.33 2.53 2.47 2.10 1.62 1.30
90 10 2.47 2.34 1.67 1.06 077 3.50 3.24 2.08 1.22 0.84
50 30 2.57 2.46 1.84 1.23 0.90 2.91 277 2.01 130 094
50 10 266  2.54 1.88 124 091 370 3.46 2.35 1.43 1.01
Vertical Horiz, —— 0 20 2.82 2.72 2.14 1.50 1.13 314 3.02 2.32 1.58 1.18
0 10 2.93 2.82 2.20 1.53 1.15 3.77 3.59 2.64 1.73 1.26
~50 20 2.90 2.82 2.35 1,76 1.39 290 283 2.36 1.77 1.39
-50 10 3.20 310 254 1.87 1.46 372, 3.60 2.87 2.04 1.56
90 10 2.48 2.34 1.67 106 077 3.53 3.27 2.10 1.22 0.84
50 30 2.64 2.52 1.87 1.24 0.91 343 3.23 2.24 1.39 0.99
45° 50 10 2.67 2.55 1.89 1.25 0.92 3.81 3.57 2.40 1.45 102
STope Down 0 20 2.91 280 219 1.52 1.15 3.75 3.57 2.63 1.72 1.26
P . 0 10 2.94 2.83 2.21 1.53 1.15 4.12 391 2.81 1.80 1.30
-50 20 3.16 3.07 2.52 1.86 1.45. 3.78 3.65 2.90 2.05 1.57
~50 10 3.26 3.16  2.58 1.89 147 435 418 3.22 2.21 1.66
90 10 2.48 2.34 1.67 1.06 077 3.55 3.29 2.10 1.22 0.85
50 30 2.66 2.54 1.88 124 051 3.77 3.52 2.38 1.44 1.02
50 10 2.67 2.55 1.89 1.25 0.92 3.84 3.59 241 1.45 1.02
Horiz. Down 0 20 2.94 2.83 2,20 1.53 115 4.18 3.96 2.83 1.81 1.30
4 0 10 2.96 2.85 2.22 1.53 1.16 4.25 4.02 2.87 1.82 1.31
-50 20 3.25 3.15 2.58 1.89 1.47 4.60 441 3.36 228 1.69
-50 10 3.28 3.18 2.60 1.90 1.47 4.71 4.51 342 2.30 1.71
Air Space 1.5-in. Air Space® 3.5-in. Air Space®
90 10 2.55 2.41 1.71 1.08 0.77 2.84 2.66 1.83 113 0.80
50 30 1.87 1.81 1.45 1.04 0.80 2.09 2.01 1.58 1.10 0.84
1 50 10 250 240 1.8t 1.21 0.89 2.80  2.66 1.95 1.28 0.93
Horiz. Up Q 20 2.01 1.95 1.63 123 097 2.25 2.18 1.79 1.32 1.03
0 10 2.43 2.35 1.90 1.38 1.06 2.71 2.62 2.07 1.47 1.12
-50 20 .94 1.91 1.68 1.36 1.13 2.19 2.14 1.86 1.47 1.20
-50 10 2.37 231 1.99 1.55 1.26 2.65 2.58 2.18 1.67 1.33
90 10 292 273 1.86 114 080 3.18 2.96 1.97 118 0.82
50 30 2.14 2.06 1.61 1.i2 084 226 217 1.67 LIS 0.86
450 50 10 2.88 2.74 1.99 129 094 3.12 2.95 2.10 134 096
Stope Up 0 20 2.30 223 1.82 1.34 1.04 242 2.35 1.90 1.38 1.06
P 0 10 2.79 269 212 1.49 1.13 2.98 2.87 2.23 1.54 1.16
-50 20 2.22 2.17 1.88 1.49 1.21 2.34 2.29 1.97 1.54 1.25
-50 10 2.71 264 223 1.69 1.35 2.87 2.79 2.33 1.75 1.39
90 10 3.99 3.66 . 225 127 087 3.69 3.40 2.15 1.24 0.85
50 30 2.58 2.46 1.84 1.23 0.90 2.67 2.55 1.89 1.25 091
50 10 3.79 3.55 2.39 1.45 1.02 3.63 3.40 2.32 1.42 1.01
Vertical [ I Pag— 0 20 2,76 266 210 1.48 112 2.88 2.78 2.17 1.51 1.14
0 10 3.51 3.35 2.51 1.67 1.23 3.49 3.33 2.50 1.67 1.23
-50 20 2,64 2.58 2.18 1.66 1.33 28 275 2.30 1.73 1.37
-50 10 3.31 3.21 2.62 1.91 1.48 340 330 267 1.94 1.50
90 10 5.07 4.55 2.56 136 091 4.81 4.33 2.49 134 050
50 30 3.58 336 231 1.42 1.60 3.51 3.30 2.28 1.40 1.00
450 50 10 510  4.66 2.85 1.60 1.09 474 436 2.73 1.57 1.08
Sto Down 0 20 3.85 3.66  2.68 1.74 1.27 3.81 3.63 2.66 1.74 1.27
pe 0 10 492 462 316 194 137 459 432 302 1.88 1.34
-50 20 3.62 350 2.80 201 1.54 3.77 3.64 2.90 2.05 1.57
-50 10 467 447 340 229 1.70 450 432 3.31 2.25 1.68
90 10 6.09 535 2.79 1.43 0.94 1007 819 3.41 1.57 1.00
50 30 6.27 5.63 3.18 1.70 1.14 960  8.17 3.86 1.88 1.22
50 10 6.6 590 327 173 115 1n.1s 927 4.09 1.93 1.24
Horiz. Down 0 20 7.03 6.43 3.9t 2.19 1.49 10.90 9.52 4.87 2.47 [.62
4} 10 7.31 6.66 4.00 222 1.51 11.97 10.32 5.08 2.52 1.64
-50 20 7.73 720 477 2.85 1.99 1164 1049  6.02 3.25 2.18
~-30 10 8.09 7.52 491 2.89 2.0l 1298 1156 636 334 2.22

“See Chapter 22, section Factors Affecting Heat Transfer across Air Spaces. Thermal
resistance values were determined from the relation, R = 1/C, where C = A, + £, h,,
h, is the conduction-convection coefficient, ../, is the radiation coefficient =
0.0068e,[(1,,, + 460/ 10033, and 1,, is the mean temperature of the air space. Values
for 4, were determined from data developed by Robinson et al. (1954). Equations (5)
through (7) in Yarbrough (1983) show the data in this table in analytic form. For
extrapolation from this table to air spaces less than 0.5 in. (as in insulating window
glass), assume f,. = 0.159(1 + 0.0016 1,,)/l where [ is the air space thickness in inches,
and 4, is heat transfer through the air space only.

"Values are based on data presented by Robinson et al. (1954). (Also see Chapter 3,
Tables 3 and 4, and Chapter 36). Values apply for ideal conditions, i.e., air spaces of
uniform thickness bounded by plane, smooth, parallel surfaces with no air leakage to
or from the space. When accurate values are required. use overall U-factors deter-

mined through calibrated hot box (ASTM C 976) or guarded hot box (ASTM C 236)
testing. Thermal resistance values for muitiple air spaces must be based on careful
estimates of mean temperature differences for each air space.

A single resistance value cannot account for multiple air spaces; each air space
requires a separate resistance calculation that applies only for the established bound-
ary conditions. Resistances of horizontal spaces with heat flow downward are sub-
stantially independent of temperature difference.

d1nterpolation is permissible for other values of mean temperature, temperature differ-
ence, and effective emittance £,;. Interpolation and moderate extrapolation for air
spaces greater than 3.5 in. are also permissible.

¢Effective emittance €, of the air space is given by 1/e,, = I/, + 1/g; — |, where g;
and g, are the emittances of the surfaces of the air space (see Table 2).
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Table 4 Typical Thermal Properties of Common Building and Insulating Materials—Design Values®

Resistance® (R)
Conductivity® Conductance Per Inch For Thickness Specific
k), {O), Thickness (1/k),  Listed (1/C), Heat,
Density, Btu-in B °F-ft*-h °F-ft2-h Btu
Description Ib/ft? h-ft2-°F h-ft2- °F Btu-in Btu Ib-°F
BUILDING BOARD
Asbestos-cement board 120 4.0 — 0.25 — 0.24
Asbestos-cement board 120 — 33.00 — 0.03
Asbestos-cement board ... 120 — 16.50 — 0.06
Gypsum or plaster board. 50 — 3.10 — 0.32 0.26
Gypsum or plaster board.. 50 — 2.22 — 0.45
Gypsum or plaster board .. 50 — 1.78 — 0.56
Plywood (Douglas Fir)? ... 34 0.80 — 1.25 — 0.29
Plywood (Douglas Fir). 34 — 3.20 — 0.31
Plywood (Douglas Fir). 34 — 2.13 — 047
Plywood (Douglas Fir). 34 — 1.60 ~— 0.62
Plywood (Douglas Fir). 34 —_ 1.29 — 0.77
Plywood or wood panels.. 34 — 1.07 — 0.93 0.29
Vegetable fiber board
Sheathing, regular densny 8 — 0.76 — 1.32 0.31
18 — 0.49 — 2.06
Sheathing intermediate density®.. 22 - 0.92 — 1.09 0.31
Nail-base sheathing® 25 — 0.94 — 1.06 0.31
Shingle backer..... 18 — 1.06 — 0.94 0.31
Shingle backer..... 18 — 1.28 — 0.78
Sound deadening board 15 — 0.74 — 1.35 0.30
Tile and lay-in panels, plain or acoustic 18 0.40 — 2.50 — 0.14
18 - 0.80 — 1.25
18 — 053 — 1.89
Laminated paperboard 30 0.50 — 2.00 — 0.33
Homogeneous board from repulped paper 30 0.50 — 2.00 — 0.28
Hardboard®
Medium density .. . 50 0.73 — 1.37 — 0.31
High density, servwe-tempered grade zmd servxce .
55 0.82 — 1.22 — 0.32
ngh dcua;Ly. aluuduldflclupclcd gl.ldu: 63 Uu - 00 End 032
Particleboard®
Low density 37 0.71 — 1.41 — 0.31
Medium density 50 0.94 — 1.06 — 0.31
High density ..... 62 5 1.18 — 0.85 —
Underlayment 40 —_ 1.22 — 0.82 0.29
Waferboard .. 37 0.63 — 1.59 — —
Wood subfloor — — 1.06 — 0.94 0.33
BUILDING MEMBRANE
Vapor—permeable felt............... . — — 16.70 — 0.06
Vapor—seal, 2 layers of mopped . — — 8.35 — 0.12
Vapor—seal, plastic film — — — Negl
FINISH FLOORING MATERIALS
Carpet and fibrous pad — — 0.48 — 2.08 0.34
Carpet and rubber pad — — 0.81 —_ 123 0.33
Cork tile .... — —_ 3.60 — 0.28 0.48
Terrazzo ... — — 12.50 — 0.08 0.19
Tile—asphalt, linoleum, vinyl, rubber .. — — 20.00 — 0.05 0.30
vinyl asbestos 0.24
ceramic......o...... 0.19
Wood, hardwood finish........ —_— — 1.47 ' — 0.68
INSULATING MATERIALS
Blanket and Batt"#
Mineral fiber, fibrous form processed
from rock, slag, or glass
approx. 3-4 in........... 0.4-2.0 — 0.091 — 11
approx. 3.5 in. 0.4-2.0 — 0.077 — 13
approx. 3.5in. ... ‘1.2-1.6 —_ 0.067 — 15
approx. 5.5-6.5 in. 0.4-2.0 — 0.053 e 19
approx. 5.5 in.... 0.6-1.0 — 0.048 f— 21
approx. 6-7.5 in. 0.4-2.0 — 0.045 — 22
approx. 8.25-10 in. 04-2.0 — 0.033 — 30
approx. {0-13 in 0.4-2.0 — 0.026 — 38
Bouard and Slabs -
Cellular glass 8.0 0.33 — 3.03 — Q.18
Glass fiber, organic bonded ... 4.0-9.0 025 — 4.00 — 0.23
Expanded perlite, organic bonded.. 1.0 0.36 — 278 — 0.30
Expanded rubber (rigid)... 4.5 022 - — 4.55 — 0.40
Expanded pnlystyrene extmded (smooth skm surfacc)
(CFC-12 exp.)... 1.8-3.5 0.20 — 5.00 — 0.29
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Table 4 * Typical Thermal Properties of Common Building and Insulating Materials—Design Values® (Continued)
Resistance® (R)
Conductivity” Conductance Per Inch For Thickness Specific
), {O), Thickness (1/k), Listed (1/C), Heat,
Density, Btu-in Btu °F-ft2-h °F-fth-h Btu
Description : b/t h-ft2-°F h-ft?-°F Btu-in Btu Ib-°F
Expanded pclystyrene extruded (smooth skin surface)
(HCFC-142b exp.)™.. 1.8-3.5 0.20 - 5.00 — 0.29
Expanded polystyrene, molded beads ............................ 1.0 0.26 — 3.85 _— _—
1.25 0.25 — 4.00 — —
15 0.24 e 4.17 — —
175 0.24 — 4.17 — —_
20 0.23 — 4.35 — —
Cellular polyure=.thanelpco]yisocyanuratérl
(CFC-11 exp.) (unfaced)... 1.5 0.16-0.18 — 6.25-5.56 — 0.38
Cellular polyisocyanurate! (CFC l 1 ex p )
(gas-permeable facers)... |.5-2.5 0.16-0.18 — 6.25-5.56 - 0.22
Cellular polyisocyanuratel (('FC-I l pr )
(gas-impermeable facers)... S 2.0 0.14 — 7.04 — 0.22
Cellular phenolic (closed cell) (CFC-I ! (,FC i H exp )" 3.0 0.12 e 8.20 — —
Celtular phenolic (open cell)............. 1.8-22 0.23 — 440 — —
Mineral fiber with resin binder 5.0 0.29 — 345 — 0.17
Mineral fiberboard, wet felted
Core or roof insulation ..........ceeimiiiccoseccceinens 16-17 034 — 2.94 —_— —
Acoustical tile 18.0 035 —_— 2.86 — 0.19
Acoustical tile 21.0 0.37 — 2.70 — —
Mineral fiberboard, wet molded :
Acoustical el ....o..ooovvoereeeeeeseee e 23.0 0.42 — 2.38 — 0.14
Wood or cane fiberboard
Acoustical tile! ...coovoiirc e 05 iR — — 0.80 — 125 0.31
Acoustical tile! ...... .0.75 in. — - 0.53 — 1.89 —
Interior finish (plank, tile)....... 15.0 0.35 —_— 2.86 — 0.32
Cement fiber slabs (shredded wood with Ponland
cement binder) ... e 28270 0.50-0.53 2.0-1.89 —
_Cement fiber slabs (chrfaddpd W(md \mrh magnesia
oxysulfide binder)... 22.0 0.57 e 1.75 — 0.31
Loase Fill
Celulosic insulation (milled paper or wood pulp) ... 2.3-32 0.27-0.32 — 3.70-3.13 — 0.33
Perlite, expanded... rrerere i e on e srens 2.0-4.1 0.27-0.31 — 3.7-33 —_ 0.26
4.1-7.4 0.31-0.36 — 3328 —_ —_
7.4-11.0 0.36-0.42 — 2.8-24 — —
Mineral fiber (rock, slag, or glass)®
approx. 3.75-5in............. 0.6-2.0 —_— — e 11,0 0.17
approx. 6.5-8.75 in 0.6-2.0 — — — 19.0 —_
approx. 7.5-10 in JORVUTUOUURUUPIRR X oo 1 — — - 22.0 —
approx. 10.25-13.751n. v 0.6-2.0 — —_ — 30.0 —
Mineral fiber (rock, slag, or glass)®
approx. 3.5 in. (ciosed sidewall app‘nmtmn ). . 2035 — — — 12.0-14.0 —
Vermiculite, exfoliated .. e 1.0-82 047 — 2.13 — 0.32
4.0-6.0 0.44 — 2.27 — —
Spray Applied
Polyurethane foam ............ 1.5-2.5 0.16-0.18 e 6.25-5.56 _— e
Ureaformaldehyde foam 0.7-1.6 0.22-0.28 — 4.55-3.57 — —
Cellulosic fiber........... 3.5-6.0 0.29-0.34 — 3.45-2.94 — —
Glass fiber 3.5-45 0.26-0.27 — 3.85-3.70 — —
Reflective Insulation
Reflective material (€ < 0.5) in center of 3/4 in. cavity
forms two 3/8 in. vertical air spaces™ — — 0.31 — 32 —
METALS
(See Chapter 36, Table 3)
ROOFING
Asbestos-cement shingles ... 120 — 476 — 0.21 0.24
Asphalt roll roofing........ 70 - 6.50 — 0.15 0.36
Asphalt shingles... 70 —_— 227 — 0.44 0.30
Built-up roofing ......ocooveecceneie 70 — 3.00 — 0.33 0.35
Slate .. . — —_ 20.00 — 0.05 0.30
Wood shmg)es plam nnd plastxc ﬁlm faccd......,,....‘..... — — 1.06 — 0.94 0.31
PLASTERING MATERIALS
Cement plaster, sand aggregate ...........ccoeuvvevriurcorieninnns 116 5.0 — 0.20 — 0.20
Sand aggregate 0375 in. — — 13.3 - 0.0 0.20
Sand aggregate ..o 0.75 in. — — 6.66 — 0.15 0.20
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Table 4 Typical Thermal Properties of Common Building and Insulating Materials—Design Values? (Continued)

Resistance® (R}

Conductivity? Conductance Per Inch For Thickness Specific
k), O), Thickness (1/k),  Listed (1/C), Heat,
Density, Btu-in Btu °F-ft>h E-ft?-h Btu
Description 1b/ft? h-ft?-°F h-ft2-°F Btu-in Btu b °F
Gypsum plaster:

Lightweight aggregate .............c.ccooerereeenen. 0.5 in. 45 — 3.12 —_ 0.32 —

Lightweight aggregate .............cccoocvrevnen, 0.625 in. 45 — 2.67 — 0.39 —

Lightweight aggregate on metal lath . 0.75 in. — — 213 — 0.47 —

Perlite aggregate ..o 45 1.5 _— 0.67 —_ 0.32

Sand AZEIEGALE .....vvviiiiiccce e 105 5.6 — 0.18 — 0.20

Sand aggregate. .05 1in. 105 — 11,10 — 0.09 —

Sand aggregate .0.625 in. 105 — 9.10 — 0.1t —

Sand aggregate on metal lath 0.75 in. — — 7.70 —_ Q.13 —

Vermiculite aggregate 45 1.7 — 0.59 —_ —

MASONRY MATERIALS
Masonry Units
Brick, fired Clay «.....cccovvvviiniicct s 150 8.4-10.2 - 0.12-0.10 — e
140 7.49.0 — 0.14-0.11 — —
130 6.4-7.8 — 0.16-0.12 — —
120 5.6-6.8 — 0.18-0.15 — 0.19
110 4.9-5.9 — 0.20-0.17 — —
100 42-5.1 — 0.24-0.20 — —
90 3.6-4.3 — 0.28-0.24 — —
80 3.0-3.7 — 0.33-0.27 — —
70 2.5-3.1 — 0.40-0.33 — —
Clay tile, hollow
1 cell deep — — 1.25 —_ 0.80 0.21
I cell deep. — — 0.90 — Lot —
2 cells deep... — — 0.66 — 1.52 —
2 cells deep.... — — 0.34 — [.85 —
2 cells deep — — 0.45 — 2.22 —
3 cells deep... — — 0.40 — 2.50 —
Concrete blocks™ ¢
Limestone aggregate

8 in., 36 Ib, 138 Ib/ft3 concrete, 2 cores .... — — — — — —
Same with perlite filled cores ............. — — 0.48 — 2.1 —_

12 in., 55 b, 138 Ib/ft® concrete, 2 cores . . — — _ - - —
Same with perlite filled cores ....c.coovvuenvniiircnnn s — — 0.27 — 3.7 —

Normal weight aggregate (sand and gravel)

8 in., 33-36 Ib, 126-136 Ib/ft> concrete, 2 or 3 cores e — 0.90-1.03 — L.11-0.97 0.22
Same with perlite filled cores . — — 0.50 — 2.0 —
Same with vermiculite filled cores — — 0.52-0.73 — 1.92-1.37 —

12 in., 50 Ib, 125 Ib/ft* concrete, 2 cores .. —_— — 0.81 — 1.23 0.22

Medium weight aggregate (combinations of normal
weight and lightweight ﬂggre§ate)

8 in., 26-29 1b, 97-112 Ib/ft” concrete, 2 or 3 cores.. — — 0.58-0.78 — 1.71-1.28 —
Same with perlite filled cores ......cccoccvvciiciannn — — 0.27-0.44 — 3.7-2.3 —
Same with vermiculite filled cores ........ — — 0.30 — 33 —
Same with molded EPS (beads) filled cores. — — 0.32 — 32 —

Same with molded EPS inserts in cores............... — — 0.37 — 2.7 —
Lightweight aggregate (expanded shale, clay, slate or
slag, pumice)

6 in., 16-17 1b 85-87 Ib/fi® concrete, 2 or 3 cores ... — — 0.52-0.61 — 1.93-1.65 —
Same with perlite filled cores — — 0.24 L— 4.2 —
Same with vermiculite filled cores .. —_ — 0.33 - 3.0 —

8 in., 19-22 Ib, 72-86 Ib/ft? concrete .. — — 0.32-0.54 — 3.2-1.90 0.21
Same with perlite filled cores ...... — — 0.15-0.23 — 6.8-4.4 —
Same with vermiculite fitled cores ........... — — 0.19-0.26 — 5.3-39 —
Same with molded EPS (beads) filled cores. . —_ — 0.2t — 4.8 —
Same with UF foam filled cores ..........c..c...occi. — — 0.22 — 4.5 —
Same with molded EPS inserts in cores..............., — — 0.29 — 35 —

12in., 32-36 Ib, 80-90 Ib/ft® concrete, 2 or 3 cores... — — 0.38-0.44 — 2.6-23 —
Same with perlite filled cores — — 0.11-0.16 — 92-6.3 —
Same with vermiculite filled cores .. —_ — 0.17 — 5.8 —

Stone, lime, or sand.... 180 72 —_ 0.01 — —

Quartzitic and sandstone 160 43 — 0.02 —_ —
140 24 —_ 0.04 —_

120 13 — 0.08 — 0.19

Calcitic, dolomitic, limestone, marble, and granite .... 180 30 — 0.03 — —

160 22 —_— 0.05 — —_

140 16 — 0.06 — —

120 11 — 0.09 — 0.19

100 8 — 0.13 — —
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Table 4 Typical Thermal Properties of Common Building and Insulating Materials—Design Values® (Continued)
Resistance® (R)
Conductivity®? Conductance Per Inch For Thickness Specific
&), <y, Thickness (1/k), Listed (1/C), Heat,
Density, Btu-in Btu °F-ft2-h °F-ft2:h Btu
Description Ib/ft> h-ft3-°F h-f?-°F Btu-in Btu Ib-°F
Gypsum partition tile
3 by 12 by 30 in., solid — — 0.79 — 1.26 0.19
3by I12by 30in., 4 cells .. — — 0.74 — 1.35 —
4 by 12by 30in., 3 cells............ — —_— 0.60 — 167 —
Concretes®
Sand and gravel or stone aggregate concretes (concretes 150 10.0-20.0 — 0.10-0.05 — e
with more than 50% quartz or quartzite sand have 140 9.0-180 — 0.11-0.06 — 0.19-0.24
conductivities in the higher end of the range). 130 7.0-13.0 — 0.14-0.08 _— —_—
Limestone concretes 140 11 —_— 0.09 — —
120 7.9 —_ 0.13 —_— —
100 55 — 0.18 — —
Gypsum-fiber concrete (87.5% gypsum, 12.5%
wo0od chips) ..o 51 1.66 — 0.60 — 0.21
Cement/lime, mortar, and stucco 120 9.7 — 0.10 - —
100 6.7 — 0.15 — —
80 4.5 — 0.22 — —
Lightweight aggregate concretes
Expanded shale, clay, or state; expanded slags; 120 6.4-9.1 — 0.16-0.11 — —
cinders; pumice (with density up to 100 Ib/ft*); and 100 47-6.2 — 021-0.16 — 0.20
scoria (sanded concretes have conductivities in the 80 3.3-4.1 0.30-0.24 —_ 0.20
higher end of the range) ................ 60 2.1-2.5 _ 0.48-0.40 —_ —
40 1.3 — 0.78 — —
Perlite, vermiculite, and polystyrene beads ............... 50 1.8-1.9 —_ 0.55-0.53 —_ e
40 1.4-1.5 - 0.71-0.67 —_ 0.15-0.23
30 (B — 0.9¢ —_ —
20 0.8 — 1.25 — —
FOQAM CONCIELES .evviuvieeireiiniirie et eer e e 120 54 — 0.19 —_ —_
100 4.1 0.24 —_ —_
80 3.0 — 0.33 — —
70 2.5 — 0.40 — —
Foam concretes and cellular concretes 60 2.1 — 0.48 — —
40 1.4 — 0.71 — —
20 0.3 — 1.25 — —
SIDING MATERIALS (on flat surface)
Shingles
Asbestos-cement 120 — 475 — 0.21 —
Wood, 16 in., 7.5 exposure............ e — 1.15 — 0.87 0.31
Wood, double, 16-in., 12-in. exposure ... — — 0.84 e - L19 0.28
Wood, plus ins. backer board, 0.312 in. ........ — — 071 - 1.40 0.31
Siding
Asbestos-cement, 0.25 in., lapped ..o — — 4.76 e 021 0.24
Asphalt roll siding........ccocceevveiennnn. — — 6.50 — 0.15 0.35
Asphalt insulating siding (0.5 in. bed.) -— — 0.69 — 1.46 0.35
Hardboard siding, 0.4375in. .... — —_— 1.49 — 0.67 0.28
Wood, drop, | by 8in. ... — — 1.27 — 0.79 0.28
Wood, bevel, 0.5 by 8 in, lapped ... — — 1.23 — 0.81 0.28
Wood, bevel, 0.75 by 10 in., lapped e — 0.95 —_ 1.05 0.28
Wood, plywood, 0.375 in., lapped — — 1.69 —_— 0.59 0.29
Aluminum, steel, or vinyl™ 94, over sheathing
Hollow-backed........cccoviiviicnrcncic e — — 1.64 — 0.61 0.294
Insulating-board backed nominal 0.375 in. ............. e e 0.55 — 1.82 0.32
Insulating-board backed nominal 0.375 in.,
foil backed. ... s — — 0.34 — 2.96 —
Architectural (seda-lime float) glass.............coocoieenn. 158 6.9 — — — 0.21
WOODS (12% moisture content)®’
Hardwoaods 0.39%
41.2-46.8 1.12-1.25 —_ 0.89-0.80 —_
-Birch.. 42.6-454 1.16-1.22 — 0.87-0.82 —
Maple 39.8-44.0 1.09-1.19 — 0.92-0.84 —
Ash....... 38.4-41.9 1.06-1.14 — 0.94-0.88 —
Softwoods 0.39%
Southern Pine 35.6-41.2 1.00-1.12 — 1.00-0.89 —
Douglas Fir-Larch. 33.5-36.3 0.95-1.01 —_ 1.06-0.99 —
Southern Cypress ... 31.4-32.1 0.90-0.92 — 1.11-1.09 —
Hem-Fir, Spruce-Pine-Fir 24.5-31.4 0.74-0.90 — 1.35-1.11 —
West Coast Woods, Cedars 21.7-31.4 0.68-0.90 — 1.48-1.11 —
California Redwood.............. 24.5-28.0 0.74-0.82 — 1.35-1.22 —
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Notes for Table 4

#Values are for a mean temperature of 75°F. Representative values for dry
materials are intended as design (not specification) values for materials in
normal use. Thermal values of insulating materials may differ from design
values depending on their in-situ properties (e.g., density and moisture
content, orientation, etc.) and variability experienced during manufacture.
For properties of a particular product, use the value supplied by the manu-
facturer or by unbiased tests.

bTo obtain thermal conductivities in Btu/h-ft - °F, divide the &-factor by 12
in/ft.

“Resistance values are the reciprocals of C before rounding off C to two
decimal places.

SLewis (1967).

°U.S. Department of Agriculture (1974).

'Does not include paper backing and facing, if any. Where insulation forms
a boundary (reflective or otherwise) of an airspace, see Tables 2 and 3 for
the insulating value of an aisspace with the appropriate effective emittance
and temperature conditions of the space.

£Conductivity varies with fiber diameter. (See Chapter 22, Factors Affect-
ing Thermal Performance.) Batt, blanket, and loose-fill mineral fiber insu-
lations are manufactured to achieve specified R-values, the most common
of which are listed in the table. Due to differences in manufacturing pro-
cesses and materials, the product thicknesses, densities, and thermal con-
ductivities vary over considerable ranges for a specified R-value.

BThis material is relatively new and data are based on limited testing.

iFor additional information, see Society of Plastics Engineers (SPI) Bulletin
U108. Values are for aged, unfaced board stock. For change in conductiv-
ity with age of expanded polyurethane/polyisocyanurate, see Chapter 22,
Factors Affecting Thermal Performance.

1Values are for aged products with gas-impermeable facers on the two
major surfaces. An aluminum foil facer of 0.001 in. thickness or greater is
generally considered impermeable to gases. For change in conductivity
with age of expanded polyisocyanurate, see Chapter 22, Factors Affecting

™Cavity is framed with 0.75 in. wood furring strips. Caution should be used
in applying this value for other framing materials. The reported value was
derived from tests and applies to the reflective path only. The effect of
studs or furring strips must be included in determining the overall perfor-
mance of the wall.

" Values for fully grouted block may be approximated using values for con-
crete with a similar unit weight.

“Values for concrete block and concrete are at moisture contents represen-
tative of normal use.

PValues for metal or vinyl siding applied over flat surfaces vary widely,
depending on amount of ventilation of airspace beneath the siding;
whether airspace is reflective or nonreflective; and on thickness, type, and
application of insulating backing used. Values are averages for use as
design guides, and were obtained from several guarded hot box tests
{ASTM C 236) or calibrated hot box (ASTM C 976) on hollow-backed
types and types made using backing-boards of wood fiber, foamed plastic,
and glass fiber. Departures of £50% or more from these values may occur.

9Vinyl specific heat = 0.25 Btu/ib-°F

"See Adams (1971), MacLean (1941), and Wilkes (1979). The conductivity
values listed are for heat transfer across the grain. The thermal conductiv-
ity of wood varies linearly with the density, and the density ranges listed
are those normally found for the wood species given. If the density of the
wood species is not known, use the mean conductivity value. For extrapo-
lation to other moisture contents, the following empirical equation devel--
oped by Wilkes (1979) may be used:

(1.874 x 107 + 5.753 x 10" M)p
1 +00IM

where p is density of the moist wood in Ib/ft?, and M is the moisture content
in percent.

SFrom Wilkes (1979), an empirical equation for the specific heat of moist
wood at 75°F is as follows:

k= 01791 +

{0.299 + 0.01 M)

Thermal Performance. and SP1 Ballerin UT08:

kCellular phenolic insulation may no longer be manufactured. The thermal
conductivity and resistance values do not represent aged insulation, which
may have a higher thermal conductivity and lower thermal resistance.

'Insulating values of acoustical tile vary, depending on density of the board

RalAYA

» T T(1+0.01M) 0
where Ac,, accounts for the heat of sorption and is denoted by
Ac, = M(1.921 x 107 - 3.168 x lO‘sM)

where M is the moisture content in percent by mass.

and on type, size, and depth of perforations.

Example 1. Calculate the U-factor of the 2 by 4 stud wall shown in Figure
2. The studs are at 16 in. OC. There is 3.5 in. mineral fiber batt insula-
tion (R-13) in the stud space. The inside finish is 0.5 in. gypsum wall-
board; the outside is finished with rigid foam insulating sheathing (R-4)
and 0.5in. by 8 in. wood bevel lapped siding. The insulated cavity
occupies approximately 75% of the transinission area; the studs, plates,
and sills occupy 21%; and the headers occupy 4%.

Solution. Obtain the R-values of the various building elements from
Tables I and 4. Assume the R = 1.25 per inch for the wood framing.
Also, assume the headers are solid wood, in this case, and group them
with the studs, plates, and sills.

R R
(Insulated (Studs, Plates,

Element Cavity)  and Headers)
1. Qutside surface, 15 mphwind 0.17 0.17

2. Wood bevel lapped siding 0.81 0.81

3. Rigid foam insulating sheathing 4.0 4.0

4. Mineral fiber batt insulation, 3.5 in. 13.0 —

5. Wood stud, nominal 2 X 4 — 4.38

6. Gypsum wallboard, 0.5 in, 0.45 0.45

7. Inside surface, still air 0.68 0.68

Ry=19.11 R,=1049

Since the U-factor is the reciprocal of R-value, U =0.052 and U, =
0.095 Btu/h-ft?-°F.

If the wood framing (thermal bridging) is not included, Equation
(3) from Chapter 22 may be used to calculate the U-factor of the wall as
follows:

U, = U = o = 0052 Bw/h - °F

L
Rl

If the wood framing is accounted for using the parallel-path flow
method, the U-factor of the wall is determined using Equation (5) from
Chapter 22 as follows:

U,, = (0.75 x0.052) + (0.25 x 0.095) = 0.063 Btu/h - £ °F

If the wood framing is included using the isothermal planes
method, the U-factor of the wall is determined using Equations (2) and
(3) from Chapter 22 as follows:

Rray) = 498 + 1/[(0.75/13.0) + (0.25/4.38)] + 1.13

14.82°F - ft* - h/Bu
U,, = 0.067 Btu/h - ft” - °F

av

I

For a frame wall with a 24-in. OC stud space, the average overall
R-value is 15.18°F-f2-h/Btu. Similar calculation procedures may be
used to evaluate other wall designs, except those with thermal bridges.

Masonry Walls

The average overall R-values of masonry walls can be estimated
by assuming a combination of layers in series, one or more of which
provides parallel paths. This method is used because heat flows lat-
erally through block face shells so that transverse isothermal planes
result. Average total resistance Ry(,,, is the sum of the resistances of

Appendix NB - llluminance Categories and Luminaire Power




2005 Nonresidential ACM Manual, Express Terms, 15-Day Language Page NB-34
Thermal and Water Vapor Transmission Data 24.9
the layers between such planes, each layer calculated as shown in Ry = 0.68+0.25 + 051 % 14.86 +0.17

Example 2.

Example 2. Calculate the overall thermal resistance and average U-factor
of the 7-5/8-in. thick insulated concrete block wall shown in Figure 3.
The two-core block has an average web thickness of I-in. and a face
shell thickness of 1-1/4-in. Overall block dimensions are 7-5/8 by 7-5/8
by 15-5/8 in. Measured thermal resistances of 112 ib/ft concrete and
7 Ib/ft? expanded perlite insulation are 0.10 and 2.90°F-ft?-h/Btu per
inch, respectively.

Solution. The equation used to determine the overal} thermal resistance
of the insulated concrete block wall is derived from Equations (2) and
(5) from Chapter 22 and is given below:

a, d.N!
RT(uv) = RI-+R},+(R—+§‘] +R
w ¢

o

where

Ry = overall thermal resistance based on assumption of isothermal
planes
R; = thermal resistance of inside air surface film (still air)
R = thermal resistance of outside air surface film (15 mph wind)
Ry = total thermal resistance of face shells
R, = thermal resistance of cores between face shells
R, = thermal resistance of webs between face shells
a,, = fraction of total area transverse to heat flow represented by
webs of blocks
a, = fraction of total area transverse to heat flow represented by
cores of blocks

From the information given and the data in Table , determine the val-
ues needed to compute the overall thermal resistance.

R, = 068
= 0.47

{0,808 0.51) + (0.192 x 14.86)
343°F . ft* - h/Buu

U 1/3.43 = 029 Bu/h-ft* - °F

“ay

Based on guarded hot box tests of this wall without mortar joints,
Tye and Spinney (1980) measured the average R-value for this insu-
lated concrete block wall as 3.13°F-ft?. h/Btu.

Assuming parallel heat flow only, the calculated resistance is
higher than that calculated on the assumption of isothermal planes.
The actual resistance generally is some value between the two cal-
culated values. In the absence of test values, examination of the con-
struction usually reveals whether a value closer to the higher or
lower calculated R-value should be used. Generally, if the construc-
tion contains a layer in which lateral conduction is high compared
with transmittance through the construction, the calculation with
isothermal planes should be used. If the construction has no layer of
high lateral conductance, the parallel heat flow calculation should
be used.

Hot box tests of insulated and uninsulated masonry walls con-
structed with block of conventional contiguration show that thermal
resistances calculated using the isothermal planes heat flow method
agree well with measured values (Van Geem 1985, Valore 1980,
Shuet al. 1979). Neglecting horizontal mortar joints in conventional
block can result in thermal transmittance values up to 16% lower
than actual, depending on the density and thermal properties of the
masonry, and 1 to 6% lower, depending on the core insulation mate-
rial (Van Geem 1985, Mcintyre 1984). For aerated concrete block
walls, other solid masonry, and multicore block walis with full mor-
tar joints, neglecting mortar joints can cause errors in R-values up to
40% (Valore 1988). Horizontal mortar joints usually found in con-

4

Ry = (2)(1.25)(0.10)=0.25
R, = (5.125)(2.90) = 14.86
RDV
aW

]

(5.125)(0.10) = 0.51
3/15.625 = 0.192
12.625/15.625 = 0.808

I u

I}

a,
Using the equation given, the overall thermal resistance and average
U-factor are calculated as follows:

4

1, Qutside surface 3. Expanded periite insulation
2. Concrete biock 4. Inside surface

Fig.3 Insulated Concrete Block Wall (Example 2)

crefe block wall construction are neglected in Example

Constructions Containing Metal

Curtain and metal stud-wall constructions often include metallic
and other thermal bridges, which can significantly reduce the ther-
mal resistance. However, the capacity of the adjacent facing mate-
rials to transmit heat transversely to the metal is limited, and some
contact resistance between all materials in contact limits the reduc-
tion. Contact resistances in building structures are only 0.06 to
0.6°F- ft2-h/Btu—too small to be of concern in many cases. How-
ever, the contact resistances of steel framing members may be
important. Also, in many cases (as illustrated in Example 3), the
area of metal in contact with the facing greatly exceeds the thickness
of the metal, which mitigates the contact reistance effects.

Thermal characteristics for panels of sandwich construction can
be computed by combining the thermal resistances of the various
layers. However, few panels are true sandwich constructions; many
have ribs and stiffeners that create complicated heat flow paths.
R-values for the assembled sections should be determined on a rep-
resentative sample by using a hot box method. If the sample is a wall
section with air cavities on both sides of fibrous insulation, the sam-
ple must be of representative height since convective airflow can
contribute significantly to heat flow through the test section. Com-
puter modeling can also be useful, but all heat transfer mechanisms
must be considered.

In Example 3, the metal member is only 0.020 in. thick, but it is
in contact with adjacent facings over a 1.25 in.-wide area. The steel
member is 3.50 in. deep, has a thermal resistance of approximately
0.011°F-ft?>-h/Btu, and is virtually isothermal. The calculation
involves careful selection of the appropriate thickness for the steel
member. If the member is assumed to be 0.020 in. thick, the fact that
the flange transmits heat to the adjacent facing is ignored, and the
heat flow through the steel is underestimated. If the member is
assumed to be 1.25 in. thick, the heat flow through the steel is over-
estimated. In Example 3, the steel member behaves in much the
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same way as a rectangular member 1.25 in. thick and 3.50 in. deep
with a thermal resistance of (1.25/0.020) x 0.011 =0.69°F - ft2- h/Btu
does. The Building Research Association of New Zealand
(BRANZ) commonly uses this approximation.

Example 3. Calculate the C-factor of the insulated steel frame wall shown
in Figure 4. Assume that the steel member has an R-value of
0.69°F-fi>-W/Btu and that the framing behaves as though it occupies
approximately 8% of the transmission area,

Solution. Obtain the R-values of the various building elements from

Table 4.
Element R (Insul.) R (Framing)
1. 0.5-in. gypsum wallboard 045 045
2. 3.5-in. mineral fiber batt insulation 11 —
3. Steel framing member - 0.69
4. 0.5-in. gypsum wallboard 0.45 0.45
Ry =11.90 R, =159

Therefore, C; = 0.084; C, = 0.629 Btwh-ft>.°F.
If the steel framing (thermal bridging) is not considered, the C-factor
of the wall is calculated using Equation (3) from Chapter 22 as follows:

C,, = C, = I/R, = 0.084 Bu/h - f* . °F
If the steel framing is accounted for using the parallel flow method, the
C-factor of the wall is determined using Equation (5) from Chapter 22
as follows:

C

av

(0.92 x 0.084) + (0.08 x 0.629)

0.128 Btu/h - i’ - °F
Ry = 781°F - fi* - h/Bu

i

1997 ASHRAE Fundamentals Handbook

R-value of 6.40°F-{t2-h/Btu [0.45 + 11(0.50) + 0.45] is obtained
for the wall described in Example 3.

Zone Method of Calculation

For structures with widely spaced metal members of substantial
cross-sectional area, calculation by the isothermal planes method
can result in thermal resistance values that are too low. For these
constructions, the zone methed can be used. This method involves
two separate computations—one for a chosen limited portion, Zone
A, containing the highly conductive element; the other for the
remaining portion of simpler construction, Zone B. The two com-
putations are then combined using the parallel flow method, and the
average transmittance per unit overall area is calculated. The basic
laws of heat transfer are applied by adding the area conductances
CA of elements in parallel, and adding area resistances R/A of ele-
ments in series.

The surface shape of Zone A is determined by the metal element.
For a metal beam (see Figure 5), the Zone A surface is a strip of
width W that is centered on the beam. For a rod perpendicular to
panel surfaces, it is a circle of diameter W. The value of W is calcu-
lated from Equation (1), which is empirical, The value of 4 should
not be less than 0.5 in. for still air.

W= m+2d ()

where

m = width or diameter of metal heat path terminal, in.
d = distance from panel surface to metal, in.

Generally, the value of W should be calculated using Equation (1)
for each end of the metal heat path; the larger value, within the limits
of the basic area, should be used as illustrated in Example 4.

If the steel framing is included using the isothermal planes method, the
C-factor of the wall is determined using Equations (2) and (3) from
Chapter 22 as follows:

Ryt = 045+ 17((0.92/11.00) + (0.08/0.69)] + 0.45
591°F - fi* - h/Bu

|

C, = 0.169 Btu/h - ft* - °F

av

For this insulated steel frame wall, Farouk and Larson (1983) m‘ea~
sured an average R-value of 6.61°F-ft?- h/Btu.

In ASHRAE/IESNA Standard 90.1-1989, one method given for
determining the thermal resistance of wall assemblies containing
metal framing involves using a parallel path correction factor F,
which is listed in Table 8C-2 of the standard. For 2 by 4 steel fram-
ing, 16 in, OC, F, = 0.50. Using the correction factor method, an

] |<___ 161n. —>[
Y

1

0.020in.

‘4___ﬁ

1. gypstfxm wallboard

2. Steel framing member .
1.2 8 4 3. Mineral fiber batt insulation 1.261n.
4. Gypsum wallboard

Example 4. Calculate transmittance of the roof deck shown in Figure 5.
Tee-bars at 24 in. OC support glass fiber form boards, gypsum con-
crete, and built-up roofing. Conductivitics of components are: steel,
314.4 Buw-in/h-fi2. °F; gypsum concrete, 1.66 Btu-in/h-ft>-°F; and
glass fiber form board, 0.25 Btu-in/h-ft>- °F. Conductance of built-up
roofing is 3.00 Bw/h-ft2.°F.

SECT. STEEL NON-STEEL
NO. AREA

ot =3 5" AREA
, w 3./5 " 1 ftr
ROOFING. [ 1 Ve —=p%4=—1la—= , 3in 0 03632
N 3
L LY % 1o o3
OREARSYA OA WA O E
GYPSUM—- .
CDNC:ETE e }S 2 [¢] 0.302
]
sTEEL  [@ L
BULB TEE §= 18 s 0.052 0.250
00.-9:9°.°¢ e 1
ghse~ ‘AN !
TS A= A - 4 0.010 0.292
TiON A\ \ {
177 279405777 ) 5 G167 v
i 2" } ,L“R ) 0.302
ZONE A - #* PART OF AR FILM
1 [«————— BASIC AREA = 2ft* |
T 1T
[ I 1!
[ vl
20NE B |ZONE| zONE B 12 ! }
A
[N ]!
B il
i
1l il
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1 T h J 3
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ELEVATION

Fig. 4 Insulated Steel Frame Wall (Example 3)

Fig.5 Gypsum Roof Deck on Bulb Tees (Example 4)
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Solution. The basic area is 2 fi? (24 in. by 12 in.) with a tee-bar (12 in.
long) across the middle. This area is divided into Zones A and B.
Zone A is determined from Equation (1) as follows:

Top side W= m + 2d = 0.625 + (2% 1.5) = 3.625 in.
Bottom side W= m+24d =20+ (2%X05)=3.0in.

Using the larger value of W, the area of Zone A is (12 X 3.625)/144 =
0.302 ft?. The area of Zone B is 2.0 - 0.302 = 1.698 f%.

To determine area transmittance for Zone A, divide the structure
within the zone into five sections parallel to the top and bottom sur-
faces (Figure 5). The area conductance CA of each section is calculated
by adding the area conductances of its metal and nonmetal paths. Area
conductances of the sections are converted to area resistances R/A and
added to obtain the total resistance of Zone A.

1 R
Section Area x Conductance= CA TA~ 74
Air (outside, 15 mph)  0.302 x 6.00 [.81 0.55
No. I, Roofing 0.302 x 3.00 0.906 1.10
No. 2, Gypsum concrete 0.302 x 1.66/1.125 0.446 2.24
No. 3, Steel 0.052 x 314.4/0625 262 } 0.04
No. 3, Gypsum concrete 0.250 x [.66/0.625 0.664 ’
No. 4, Steel 0.010 x 314.4/1.00 3.14 031
No. 4, Glass fiberboard 0.292 x 0.25/1.00 0.073 )
No. 5, Steel 0.167 x 314.4/0.125 420.0 0.002
Air (inside) 0.302 x 1.63 0.492 2.03

Total R/A = 6.27

Area transmittance of Zone A = 1/(R/A) = 1/6.27 = 0.159.
For Zone B, the unit resistances are added and then converted to
area transmittance, as shown in the following table.

24.11

the length of the stud flange L (parallel path method), or can be cal-
culated as a sum of the length of stud flange and a distance double
that from wall surface to metal Zd, (zone method). In the modified
zone method the width of the zone depends on the following three
parameters:

» Ratio between thermal resistivity of sheathing material and cavity
insulation

¢ Size (depth) of stud

» Thickness of sheathing material

The Modified Zone Method is explained in Figure 6 (which can
be copied and used as a calculation form), The wall cross section
shown in Figure 6, is divided into two zones: the zone of thermat
anomalies around metal stud w and the cavity zone cav. Wall mate-
rial layers are grouped into an exterior and interior surface sec-
tions—A (sheathing, siding) and B (wallboard)—and interstitial
sections I and II (cavity insulation, metal stud flange).

Assuming that the layers or layer of wall materials in wall section
A are thicker than those in wall section B, as show by the cross sec-
tion in Figure 6, they can be described as follows:

n n
>4z d )
i=1 j=1

where

n = number of material layer (of thickness d;) between metal stud
flange and wall surface for section A
m = number of material layer (of thickness d;) for section B

Then, the width of the zone of thermal anomalies around the
metal stud w can be estimated by

Seeti Resistance; R

Air (outside, 15 mph) 1/6.00 =0.17 2

Roofing ’ 1/3.00 = 0.33 we=L+ Zfz d; 3
Gypsum concrete 175/1.66 = 1.05 =1

Glass fiberboard 1.00/0.25 = 4.00 where

Air (inside) 1/1.63 = 0.61 L = stud flange size,

Total resistance =6.16

Since unit transmittance = /R = 0.162, the total area transmittance
UA is calculated as follows:

Zone B = 1.698 x0.162 = 0.275
Zone A = 0.159

Total area transmittance of basic area = 0.434
Transmittance per fiZ = 0.434/2.0 = 0217
Resistance per fi2 = 4.61

Overall R-values of 4.57 and 4 .85°F-ft2-h/Btu have been measured
in two guarded hot box tests of a similar construction.

When the steel member represents a relatively large proportion
of the total heat flow path, as in Example 4, detailed calculations of
resistance in sections 3, 4, and 5 of Zone A are unnecessary; if only
the steel member is considered, the final result of Example 4 is the
same. However, if the heat flow path represented by the steel mem-
ber is small, as for a tie rod, detailed calculations for sections 3, 4,
and 5 are necessary. A panel with an internal metallic structure and
bonded on one or both sides to a metal skin or covering presents spe-
cial problems of lateral heat flow not covered in the zone method.

Modified Zone Method for Metal Stud Walls with
Insulated Cavities

The modified zone method is similar to the parailel path method
and the zone method. All three methods are based on parallel-path
calculations, Figure 6 shows the width w of the zone of thermal
anomalies around a metal stud. This zone can be assumed to equal

d; = thickness of material layer in section A
2y = zone factor, which is shown in Figure 7 (z,= 2 for zone method)

Kosny and Christian (1995) verified the accuracy of the Modi-
fied Zone Method for over 200 simulated cases of metal frame walls
with insulated cavities. For all configurations considered the dis-
crepancy between results were within £2%. Hot box measured
R-values for 15 metal stud walls tested by Barbour et al. (1994)
were compared with results obtained by Kosny and Christian (1995)
and McGowan and Desjarlais (1997). The Modified Zone Method
was found to be the most accurate simple method for estimating the
clear wall R-value of light-gage steel stud walls with insulated cav-
ities. However, this analysis does not apply to construction with
metal sheathing. Also, ASHRAE Standard 90.1 may require a dif-
ferent method of analysis.

Ceilings and Roofs

The overall R-value for ceilings of wood frame flat roofs can be
calculated using Equations (1) through (5) from Chapter 22. Prop-
erties of the materials are found in Tables 1, 3, 2, and 4. The fraction
of framing is assumed to be 0.10 for joists at 16 in. OC and 0.07 for
joists at 24 in. OC. The calculation procedure is similar to that
shown in Example 1. Note that if the ceiling contains plane air
spaces (see Table 3), the resistance depends on the direction of heat
flow, i.e., whether the calculation is for a winter (heat flow up) or
summer (heat flow down) condition.

For ceilings of pitched roofs under winter conditions, calcu-
late the R-value of the ceiling using the procedure for flat roofs.
Table 5 can be used to determine the effective resistance of the
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Table 10 Typical Thermal Conductivity for Industrial Insulations at Various Mean Temperatures—Design Values?

Max.

Typical
Temp.,’ Density,

Typical Conductivity in Btu-in/h-ft?-'F at Mean Temp., °F

Material °F /i 100 -75 -50 -25 0 25 50 75 100 200 300 - 500 700 900
BLANKETS AND FELTS
ALUMINOSILICATE FIBER
7 to 10 um diameter fiber 1800 4 0.24 0.32 054 099 1.03
2000 6-8 0.25 0.30 0.48 0.78 095
3 um diameter fiber 2200 4 0.22 0.29 045 059 074
MINERAL FIBER (Rock, slag, or glass)
Blanket, metal reinforced 1200 6-12 026 032 039 054
1000 2.5-6 024 031 040 061
Blanket, flexible, fine-fiber 350 0.75 0.25 0.26 0.28 0.30 033 0.36 0.53
organic bonded 0.75 0.24 025 027 029 032 034 048
1.0 0.23 0.24 0.25 027 029 032 043
1.5 0.21 0.22 0.23 0.25 0.27 0.28 0.37
2.0 020 0.21 022 023 025 0.26 0.33
3.0 0.19 020 0.21 0.22 023 0.24 0.31
Blanket, flexible, textile fiber, 350 0.65 0.27 028 0.29 030 031 032 050 068
organic bonded 0.75 026 027 0.28 029 031 032 048 0.66
1.0 024 0.25 026 027 0.29 031 045 0.60
1.5 0.22 023 0.24 0.25 0.27 029 039 0.51
3.0 0.20 0.21 022 023 024 025 0.32 041
Felt, semirigid organic bonded 400 3-8 0.24 0.25 026 0.27 035 044
Laminated and felted without binder 850 3 0.16 0.17 0.18 0.19 020 021 022 023 0.24 035 0.55
1200 7.5 035 045 0.60
BLOCKS, BOARDS, AND PIPE INSULATION
MAGNESIA 600 11-12 0.35 0.38 042
85% CALCIUM SILICATE 1200 L1-15 0.38 041 044 052 062 0.72
1800 12-15 0.63 0.74 0.95
CELLULAR GLASS 900 7.8-82 024 025 026 0.28 0.29 030 032 033 034 041 049 070 1.0t
DIATOMACEQUS SILICA 1600 21-22 0.64 068 072
1900 23-25 0.70 0.75 0.80
MINERAL FIBER (Glass)
Organic bonded, block and boards 400 3-10  0.16 0.17 0.18 0.19 0.20 0.22 0.24 0.25 0.26 0.33 040
Nonpunking binder 1000 3-10 0.26 031 038 0.52
Pipe insulation, slag, or glass 350 34 0.20 021 022 023 0.24 0.29
500 3-10 0.20 022 024 025 0.26 0.33 040
Inorganic bonded block 1000 10-15 033 0.38 045 055
1800 15-24 0.32 0.37 042 052 0.62 0.74
Pipe insulation, slag, or glass 1000 10-15 0.33 0.38 045 055
Resin binder 15 023 024 025 026 0.28 0.29
RIGID POLYSTYRENE
Extruded (CFC-12 exp.)(smooth skin surface) 165 1.8-3.5 0.16 0.16 0.17 0.16 0.i7 0.18 0.19 0.20
Molded beads 165 ! 0.17 0.19 0.20 0.21 0.22 0.24 0.25 026 0.28
1.25  0.17 0.18 0.19 020 0.22 023 0.24 025 0.27
1.5 0.16 0.17 0.19 020 021 022 023 024 026
175  0.16 0.17 0.18 0.19 020 022 023 024 025
2.0 0.15 0.16 0.18 0.19 020 0.21 022 023 0.24
RIGID POLYURETHANE/POLYISOCYANURATES!
Unfaced (CFC-11 exp.) 210 1.5-25 0.16 0.t7 0.18 0.t18 0.18 0.17 0.16 0.16 0.17
RIGID POLYISOCYANURATE
Gas-impermeable facers (CFC-11 exp.) 250 20 0.12 0.13 0.14 0.15
RIGID PHENOLIC
Closed cell (CFC-11, CFC-113 exp.) 3.0 0.11 0.115 0.2 0.125
RUBBER, Rigid foamed 150 45 020 021 022 023
VEGETABLE AND ANIMAL FIBER
Wool felt (pipe insulation) 180 20 0.28 0.30 031 0.33
INSULATING CEMENTS
MINERAL FIBER (Rock, slag, or glass)
With colloidal clay binder 1800 24-30 049 055 06! 073 0.85
With hydraulic setting binder 1200 30-40 0.75 0.80 0.85 095
LOOSE FILL
Cellulose insulation (milled pulverized
paper ot wood pulp) 2.5-3 0.26 0.27 0.29
Mineral fiber, slag, rock, or glass 2-5 0.19 021 023 025 026 0.28 0.31
Perlite (expanded) 35 022 0.24 0.25 027 028 0.30 031 0.33 0.35
Silica aerogel 76 0.13 0.14 0.15 0.15 0.16 0.17 0.i8
Vermiculite (expanded) 7-8.2 039 040 042 044 045 047 049
4-6 0.34 0.35 0.38 040 042 044 046

*Representative values for dry materials, which are intended as design (not specifi-
cation) values for materials in normal use. Insulation materials in actual service
may have thermal values that vary from design values depending on their in-situ
properties (e.g., density and moisture content). For properties of a particular prog-
uct, use the value supplied by the manufacturer or by unbiased tests.

PThese temperatures are generally accepted as maximum. When operating temperature

approaches these limits, follow the manufacturers’ recommendations.

“Some polyurethane foams are formed by means thar produce a stable product (with respect

1o k), but most are blown with refrigerant and will change with time.
USee Table 4, footnote i.
“See Table 4, footnote j.
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Table 11A Heat Loss from Bare Steel Pipe to Still Air at $0°F2, Btu/h-ft
Nominal Pipe Pipe Inside Temperature, °F
SizeP, in. 180 280 380 480 580 680 780 880 980 1080
0.50 593 147.2 263.2 412.3 600.9 836.8 1128.6 1485.6 1918.0 2436.8
0.75 725 180.1 322.6 506.2 739.2 1031.2 1392.9 1836.0 23735 3018.8
1.00 88.8 220.8 396.1 622.7 910.9 1272.6 1721.2 22715 29394 3741.6
1.25 109.7 272.8 490.4 772.3 1131.7 1583.8 2145.6 28354 36734 4680.9
1.50 123.9 308.5 555.1 875.1 1283.8 1798.3 2438.2 3224.6 4180.5 53300
2.00 151.8 378.1 681.4 1076.3 1581.5 2218.9 3012.6 3989.2 5177.2 6606.8
250 180.5 450.0 811.9 1284.0 1888.8 2652.6 3604.3 47753 61995 7912.5
3.00 2159 538.8 973.5 1541.8 22714 3194.0 43449 5762.2 7486.9 9562.3
350 2439 609.0 11014 1746.1 25747 3623.6 4933.0 6546.4 85104 10874.3
4.00 271.6 678.6 1228.2 1948.7 28759 4050.5 55175 7326.0 9528.1 12178.9
4.50 299.2 747.7 1354.4 21509 3176.8 44777 6103.8 8109.5 10553.2 13496.2
5.00 329.8 824.7 1494.8 23754 3510.6 4950.7 6751.3 8972.5 11678.4 14936.3
6.00 387.1 968.7 1757.8 2796.8 4138.0 58414 79727 10603.1 13808.2 17667.6
7.00 440.5 1102.8 2003.0 3189.9 47239 6673.5 9114.2 12127.4 15799.4 20220.8
8.00 493.3 1235.7 2246.1 3580.0 5305.5 7500.0 10248.4 13642.2 17778.2 22758.0
9.00 5459 1368.1 2488.8 3970.2 5888.7 8331.0 11392.1 15174.5 19787.1 25343.6
10.00 604.3 1514.8 2757.2 4400.7 6530.1 9241.1 12638.6 [6835.1 219492 28104.9
11.00 656.0 1644.8 2995.5 4783.8 7102.1 10054.9 13756.2 18328.4 23900.3 30606.1
12.00 704.0 1762.3 3203.8 5104.9 7557.3 10661.8 145249 19256.7 24967.6 31766.8
14.00 771.0 19342 35259 5636.0 8373.9 11862.4 162355 21635.6 282123 36120.3
16.00 8722 2189.0 39932 6387.4 94959  13458.0 184248  24556.6  32021.1  40990.7
18.00 972.5 2441.7 4456.7 71329 10609.4 15041.3 20596.7 27453.2 35795.6 45813.1
20.00 1072.1 2692.4 4916.8 7873.2 11715.1 16613.4 227525 30326.8 39537.6 50590.0
24.00 12693 31889 58283 9339.9 13905.5 197269 27019.7 36010.1 46930.3 60014.7
Table 11B  Heat Loss from Flat Surfaces to Still Air at 80°F, Btu/h-ft?
Surface Inside Temperature, °F
180 280 380 480 580 630 780 880 980 1080
Vertical surface 2122 533.1 9733 15586 23212 32980 45301  6062.8 79455 102315
Horizontal surface
Facing up 234.7 586.4 1061.1 1683.5 2484.9 3501.9 4775.4 6350.4 8276.3 10606.1
Facing down 183.6 465.3 861.4 1399.6 2112.8 3038.4 4217.8 5696.7 7524.5 9754.7

“Calculations from ASTM C 680; steel: k = 314.4 Btu-in/h-ft%- °F;
£=0.94.

cylindrical surfaces. Figure 9 shows surface resistance as a function
of heat transmission for both flat and cylindrical surfaces. The sur-
face emittance is assumed to be 0.85 to 0.90 in still air at 80°F.

Example 7. Compute the heat loss from a boiler wall if the interior insula-
tion surface temperature is | lO0°F and ambient still air temperature is
80°F. The wall is insulated with 4.5 in. of mineral fiber block and 0.5
in. of mineral fiber insulating and finishing cement.

Solution. Assume that the mean temperature of the mineral fiber block
is 700°F, the mean temperature of the insulating cement is 200°F, and
the surface resistance R, is 0.60 ft>-°F-h/Btu.

From Table 10, k; = 0.62 and k; = 0.80. Using Equation (9) from
Chapter 22:

_ 1100 - 80
{(45/0.62) + (0.5/0.80) + 0.60

As a check, from Figure 9, at 120.2 Btwh - ft%, R, = 0.56. The mean tem-
perature of the mineral fiber block is:

457062 = 726,7.26/2 = 3.63

= 1202 Buw/h - fi?

s

' 3.63 o
IIOO—m(IOZO) = 663°F
and the mean temperature of the insulating cement is:
0.5/0.80 = 0.63; 0.63/2 = 0.31;7.26+0.31 = 7.57

1.57 :
1100 - m(lOZO) = |89°F

"Losses per square foot of pipe for pipes larger than 24 in. can be considered the same
as losses per square foot for 24-in. pipe.

From Table 10, at 663°F, k| = 0.60; at 189°F, k, = 0.79.
Using these adjusted values to recalculate ¢,:

_ 1020 _ 1020
"~ (45/0.60)+(0.5/079) +0.56  8.69

4y

= 1174 B - ft°

From Figure 9, at 117.4 Btwh-ft%, R, = 0.56. The mean temperature of
the mineral fiber block is:

45706 = 7.50; 7.50/2 = 3.75

375
1100 - o—

8.69“020) = 660°F

and the mean temperature of the insulating cement is:

057079 = 0.63; 0.63/2 = 0.31;7.50+ 031 = 7.81

7.81 .
1100 - £25(1020) = 183°F

From Table 10, at 660°F, ky = 0.60; at 183°F, k; = 0.79.
Since R, k), and k, do not change at these values, ¢, = 117.4
Btu/h-ft.

Example 8. Compute heat loss per square foot of outer surface of insula-
tion if pipe temperature is 1200°F and ambient still air temperature is
80°F. The pipe is nominal 6-in, steel pipe, insulated with a nominal
3-in. thick diatomaceous silica as the inner layer and a nominal 2-in.
thick calcium silicate as the outer layer.
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24.20 _ 1997 ASHRAE Fundamentals Handboo

Table 12 Heat Loss from Bare Copper Tube to Still Air at 80°F*, Btw/h-ft

Cal

Tube Inside Temperature, °F

Nominal Tube
Size, in. 120 150 180 210 240 270 300 330
0.250 7.1 14.1 209 306 399 499 606 709
0.375 9.1 18.0 281 39.1 511 639 776 922
0500 1o 218 34.0 474 619 775 941 1138
0.750 14.7 29.1 454 633 827 1036 126.0 149.8
1.000 18.3 362 56.4 787 102.8 128.9 156.7 186.5
1.250 218 431 672 936 122.4 153.4 186.7 2252
1500 252 498 776 108.3 1415 177.4 216.0 2571
2.000 318 62.9 98.0 136.7 178.8 2243 2731 3254
2,500 383 75.6 1179 164.4 215.1 269.8 3287 3908 L— Dulle=044
3.000 446 88.1 1372 1915 250.5 3144 3832 4569
3500 50.8 1003 1563 218.0 285.4 158.2 4367 5208
4000 57.0 1123 £75.0 2442 319.7 401.4 4894 5839
5.000 69.0 135.9 2117 295.5 386.9 486.0 592.8 707.6
6.000 807 159.0 2477 1457 4528 5639 6942 829.0
8.000 1037 204.1 3178 4437 5813 7307 892 1 1066.0
10.000 126 1 2479 386.1 5391 706.5 888.4 1085.2 1297.4
12.000 1480 2909 453.0 6325 8292 1043.1 1274’6 1524.4
0250 54 10.8 16.9 215 305 379 455 535
0375 6.8 13.7 214 207 336 479 576 67.6
0500 . 8.2 16.4 257 5.7 463 $74 69.1 812
0.750 10.7 216 338 46.9 60.9 756 90.9 106.8
000 132 26.5 414 576 747 928 ne 1312
1250 15.5 313 48.8 678 88.0 109.3 131.6 154.7
1500 17.8 358 56.0 77.8 100.9 1253 1508 177.4
2000 222 446 69.7 96.8 1257 156.1 1879 211 ‘
2500 264 53.0 82.8 1151 1495 185.6 2235 2630 [~ Brighte=008
3.000 305 612 956 1328 1724 2142 257.9 3035
3500 344 69.1 1079 150.0 194 8 2420 2914 3429
4.000 38.3 76.8 120.0 166.8 2166 269.1 324.1 381 4
3.000 457 91.8 1334 1993 758.8 216 3874 1561
6.000 530 106.3 166.0 2307 2997 3725 4487 5283
8.000 66.8 1341 200.4 201 1 3782 4701 5665 6672
10.000 802 160.8 2510 349.0 4534 563.7 6795 800.4
12.000 93.0 186.5 291.3 4049 526 1 654.2 788.7 929.3

*Calculations from ASTM C 680; for copper: & =2784 Btu-inh-f2- °F.

Solution. From Chapter 40 of the 1996 ASHRAE Handbook—Equip- 1120 2
=311 ; i ; i iliea i ; q, = = 83.8 Btuh - ft
ment, r, = 3.31 in. A nominal 3-in. thick diatomaceous silica insulation (5.45/0.72) + (2.39/0.46) + 0.60
to fit a pominal 6-in. steel pipe is 3.02 in. thick. A nominal 2-in. thick
calcium silicate insulation to fit over the 3.02-in. diatomaceous silica is From Figure 9 at 83.8 Btwh 2, R, = 0.59. The mean temperature d
3. , R, =0.56.

2.08 in. thick. Therefore, r; = 6.33 in. and r, = 8.41 in..
Assume that the mean temperature of the diatotnaceous silica is

the diatomaceous silica is:

600°F, the mean temperature of the calcium silicate is 250°F and the _ . _
surface resistance R, is 0.50. From Table 10, k| = 0.66; k; = 0.42. By 5:45/0.12 = 7.57:7.57/2 = 3.78
Equation (10) from Chapter 22: 1200 - 133;7186(ll20) = 883°F
g = 1200 - 80
* [8411n(6.33/3.31)/0.66] +[841In(8.41/3.31)/0.40] + 0.50 and the mean temperature of the calcium silicate is:
_ 1120 _ 2
= (545/066) + (2397040) 7 050 ~ 00 Buw/h-ft 2.39/0.40 = 5.98;5.98/2 = 2.99; 826 +2.99 = 11.25
11.25
From Figure 9, at 76.0 Btu/h-ft?, R, = 0.60. The mean temperature of 1200 - 17753 (1120) = 350°F
the diatomaceous silica is: o
5.45/0.66 = 8.26: 8.26/2 = 4.13 From Table 10, k; = 0.72; k, = 0.46. Recalculating:
!ZOOﬁ%(HQO) = 888°F 2.39/0.46 = 5.20; 5.20/2 = 2.60; 7.57 +2.60 = 10.17
o 10.17
e = 347°
and the mean temperature of the calcium silicate is: 1200 ]3.36( 1120) 47°F
2.39/0.40 = 5.98;5.98/2 = 2.99,826+2.99 = 11.25 Since R, k;, and k, do not change at 83.8 Btu/h-ft?, this is g,
2 . . Lo
1200 — :}1{2;'5; (1120) = 350°F The heat flow per ft* of the inner surface of the insulation is:

2
From Table 10, k; = 0.72; k, = 0.46. Recalculating: 4o = 4y(r/r,) = 83.8(8.41/3.31) = 213 Bw/h - ft

Appendix NB - llluminance Categories and Luminaire Power




2005 Nonresidential ACM Manual, Express Terms, 15-Day Language Page NB-40

Eraming Type Framing Insulated | Wood-Wall | Metal-Wall Framing Type | Framing | Insulated | Wood Wall | Metal Wall
and-Spacing Cavity Sheathing U-Value U-Value and-Spacing Cavity | Sheathing | U-Vale U-Value
R-Value R-Value Rvelue | RValue
26-@ 16" 0.C. 19 9 0065 6129
2x4-@-16"0-C- H 0 0098 0202
Z (compressed) 4 0058 Lo
e 4 e e s 0.048 0.089
5 0-064 010+ 7 0043 0075
; _ 87 0049 0067
24 6 0059 0457
87 0051 0073
4 0046 0096
B 0 0088 0195 5 0.044 0.088
4 0063 0109 7 0044 0075
5 ' 87 037 0-066
22 0 6062 0158
7 0052 0082
ek 4 R e
87 0-048 0072 5 0.045 0.088
15 6 008+ 6189 7 0041 0075
4 0050 0108 87 0038 0067
2x6-@24"0-C- 19 0 6062 0435
5 0055 0097
feompressedt 4 H.048 0088
? 0049 00 5 0045 008+
87 0-045 007+ 7 0042 0070
2x4-@24"0.C. i o 0.094 EEE 87 0639 6062
21 0 0056 0130
4 0066 0102
4 0-044 0086
5 0062 0093 s
? 0:055 0:678 7 0.039 0:068
8.7 0.650 0.069 87 0:036 0:06%
22 9 0058 6132
3 0 0085 0165
feompressed) 4 e e
4 06t 0-099 5 0043 6679
5 0-057 0-090 7 6040 0068
P 0.051 6.077 87 0037 006+
87 0-047 0068
15 6 0077 0158
4 0056 0097
5 0053 0-038
7 0047 007+
87 0-044 0067
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values Eraming Type Eraming Insulated | Wood-Wall
FramingFype Framing Insulated | Wood-Wal | Metal-Wall and-Spacing Cavity Sheathing U-Vahie
and-Spacing Cavity Sheathing | U-Vakle [ U-Value R-Value R-Value
R-Vatue R-Vatae 2x10-@ 16" 0.C. 30 0 004+
2%8-@16"0-C- 19 0 0059 0445 4 0.035
4 0-047 0-692 5 0-033
5 0-044 0-084 7 0031
7 004+ 0-672 87 0-029
87 0638 6064 38 0 0.040
22 9 0054 0140 (compressed) 4 0.033
4 0-043 09:099 5 0-032
5 S 0-082 7 0-030
7 038 H07H 87 0-028
87 0635 6063 2x10 @ 24" 0.C. 30 0 0.039
25 0 0050 0436 (compressed) 4 0.033
4 0-040 0-088 5 0.032
5 0038 008+ 7 0-030
7 0035 0:070 87 0028
87 6633 8662 38 0 0:038
30 0 0:048 0435 4 0.032
(compressed) 4 e 0088 5 0034
5 0037 008+ ; .02
7 0035 0:070 0007
87 0032 0062
224" 0.C. 19 0 0056 0422
4 0045 0082
5 0043 0076
7 0040 0066
87 0037 0059
22 6 0054 017
4 004+ 0080
5 0-040 0074
7 0036 0064
87 0034 0058
25 0 0047 0-H3
4 0038 0078
5 0037 0072
7 0034 0063
87 0032 0057
30 0 0-046 012
feompressed) 4 e e
5 0036 0072
7 0034 0063
87 0031 0057
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E

e I

Empty
043
23
148
0:46
22
156
049
20
165
0:46
22
126
0:49
24
134

0-62 052
+9
14.2
050
20
99
053
+9
105
056
18
H4
047
24
+H4
054
19
+9

MEEWMEMEH%HEM%M*QN%M@EW%

s PcffclgfcfcpfcfcflclfgPecffclfcf?c
5
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F2cfPclsRc
R g )|
1R RN J -
s e ElEn g

3 4 5 6 7 8 9 10 + 12

AL Y A oA 064 ae A ae A ae A ae
Eh A =t e ae A ae A ae A ae

e ae ol e ae ae ae ae ae ae ae

MW-CMU u na 0.76 0.70 na na na Ra Aa Ra Aa
Rw na 1.3 1.4 Aa Ra Aa Ra Aa nAa Aa

HC na 7.67 9.58 na na na na na na na

PRALC AL y [ Lo Ore ae A ae A ae A ae
Eh +4 12 = ae A ae A ae A ae

e s e e ae ae ae ae ae ae ae

Clay Brick u 0.80 0.72 0.66 na na na na na na na
Rw 13 1.4 1.5 Aa Ra na Ra Aa nAa Aa

HC 6.30 8.40 10.43 Aa na Aa na Aa na Aa

Pl o + 12 2 = & . e e e
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S| | H || B|H4 |41 |42 ]|48 |49 ]| 20| 24

8

e | Ereme

4-0-

15

on

25"

3"

4"

4.5"

5
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Table B-7-F Wall/El Ceiling U-\al
- - :' 2. | X
_ —3 . . _
w5 e
———Sketch of Construction Assembly
Lol Censlelion Cotnoonn e ololas
Cavity(Rer) Frame-(Re)
c f
Erarmina Adi - on:
[(1/2.390) ~ 1151100 + [(1/5.005) ~ (15/100)] 0.385
14R (145100 )] 1-R Fr.% +100 Tasat 11
e 1-(Fr.% +100) f 2593
1/0.385 ) Total R-Value
1+Tota| U-

I P ————

=

[l PR

It

3

L PO
o'.‘c .‘..o' . '-.."' o " o
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From W =

Reference-NamigmmrAL0-2x4-24 2.3

A_____l_l..-JiIQtaI U- r—l,.,.-l-..‘uh-I B V=teem
5 .I +
_ . L .. 2‘\ . | x
- 3 . -
e —_— -
.. 5 — - -
———Sketch of Construction Assembly
List-of Construction-Componenis R-Value
Cavity-(Re) Frame(Re)
o f
Framing-Adjustment-Galeulation:
(123%0) v o+ [(45005) ¢ (120100) _ 0.392
1+R (11200 1+R Fr.% +100 Tadnl 11
I 1-(Fr.% +100) f _— 2549
1/0.392 Total R-Value
1+Tota| U-
Ve
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A a2l Toiaa

. e e
q‘
=

de
N

[l P

0.443

From EZFRAME =

Tatal ll

2.260

10443 —

Total R-Value

¥

T
- ><j g L X 4

:

:
%

t'_

iiilin
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FF&WHQ—AGTHSHHGH{—GGJ-GHH-HGH—' i ion:

[(1/8540) v (145100) * [(1/5.008) v (15/00)] ] 0.130
1+R. 1-(Fr.% +100) 1Ry Fr.% +100 Tadall
7.69

1/0.130
1+Total U-

Total R-Value

[l P

e
% g i

0.125

Tatal ll

From EZFRAME

7.990
Total R-Value

=
- ><j 3= X B

§
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List of O o O R
Cavity-(Rer) Frame(Re)
f
Erarmina Adi - on:
(18540) v .+ [(45005)  (120100) _ 0.127
1+R (1 & 1+R Fr.% +100 Taénl 11
e 1-(Fr.% +100) f 7874
1/0.127 ) Total R-Value
1+Tota| U-

[l PR

e
w
T

)
g
o
rNE
]

E;

R-Value

0.117

From EZFRAME = Tabal n
8.530

1/0.117 =
1+Total U-

Total R-Value
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e BT

:

:
%

c f
e e T
[(1/12.540) ~ 1151100 + [(1/5.005) ~ (15/100)] - 0.098
1+R (1: ! 1-R Fr.% +100 TAsnall
o 1-(Fr.% +100) f — 10204

1/0.098
1+Tota| U-

Total R-Value

Flaa.

'y
w

)
e ®d’
N
)

5{

o
(=]
©
@
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From EZFRAM

e
2R oD imm T
S K
-k ><j . 2 - X
— ~r -7 .
S L I e
——Sketch-of Construction-Assembly
L T ion-C R\
GCavity-(Re) Frame{(Re)
c f
Framing Adjustment Calculation:
9 . . ) 0.094
[(1/12.540) (1-12/100)] [(1/5.005) (12/100)] TaAatalll
1+R, 1-(Fr.% +100) 1+Rs r % + _ 10.638
1/0.094 Total R-Value
1+Total U-
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PO 1) N e ... |l PPN
'-.-;-r = |~ -
o 4 —
% - PN
.. L
[ ]

List of Construction Components R-Value

0.090

TaAatal 1l

From EZFRAM

11.140
Total R-Value

1/0.090 =

Dot AJ 1+Total g-!! 3 2

Flaa.

_—

O e o O]
0.0 0% ."¢% 0 P oL %ep g 00,

¥

E

:
%

)
)
1

iillin
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FF&WHQ—AGTHSHHGH{—GGJ-GHH-HGH—' j ion:
. . . ) 0.088
[( 1/14.540) (1-15/100 )] [( 1/5.005 ) (15/100 )] = it
1+R, 1-(Fr.% +100) 1+R; Fr.% +100 11364
—1/0.088 Total R-Value
1+Total U-

huﬁf?:}:_% :'. v T
i : o -
_ LB G—3. |
_ 3 o, 4 | - .o
———Skeleh-of-Conslruction-Assembly
Lol Cenalelion Cotnoonn e ololas
0.081
From EZFRAME = Tttt
12.330
Reference-NamgresdA3:- 2424 1otal R-Value
1+Total U-
= —
) - .:.:.><>..;7 - —_
L R
. ‘- : '.. 4 -7 :‘
&',. 5 FUURPIR
——Sketch-of Construction-Assembly
List-of Construction-Components R-Value
Cavity(Re) Frame-(Re)
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o f
Eraming-Adjustment-Calculation:
. . i 0.084
[( 1/14.540) (1-12/100 )] [(1/5.005) ~ (12/100)] Taéal @l
14R, 1-(Fr.% +100) 1R Fr.% +100 _ 11.905
1/0.084 Total R-Value
1+Tota| U-
R N |
N D\ =y S
_ R S
— .. -‘... L u' 4 _ PN
————Sketch of Construction Assembly
List of Construction-Components R-Value
0.087
From EZFRAME = Tad~t 1
11.460
—H6-08F— = Total R-Value
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5.5
A '-‘: Flaaw

q

Y AR TR RTT EEEMEN,

7777777777 7777787777777

W

.
d o~ @

1111

RIS HIN

g

Cavity-(Red  Frame(Ry)

Eraming-Adjustment-Galeulation:
v + v 0.062

[(1/18.036) (1-9/100)] [(1/7.545) (9/100)] Tatal 1l
1+Rg 1-(Fr.% +100) 1+Ry Fr.% =100 _ 16.129
Total R-Value
1/0.062
1+Total U-

[l PO

1
)
|
%
4
b
)

b®.%c e ®ed®h % ..'.I.+
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FropeEZERAME =

—He-062—

"] .. +
03;7 1
... 5 -
e S .
.: 4 7/ -
.: 5 - -

5s

Cavity-(Re) Frame(Re)
c f
Framing-Adjustment Caleulation:
0.081
' + > AR A_4 = -
[(1116540) * (4.45100y ~ W2008) ~ (18000 - Y
1R 1-(Fr.% +100) R __Fr%+100
_ 12.346
1/0.081 Total R-Value
1+Tota| U-
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'::’; . B s e
><> 3 | -~ -

)
L
EN
)
|
)
)

*®
a
>
|
)
)

)

{ -
% E

b*.%0 o

0.080
From EZFRAME Tabal n
= 12.510

Total R-Value

1/0.080

1+Total U-

Al T o [l P

(1}

e o .
% 0% .%¢* ¢ P oL %ep o 00",

i
[

:
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EF&WHQ—AQ}H—St—H%eH—t—G&I—GH—laHGH—' i j Z
[(1/5.005) ~ (12/100)] -
Fr.% +100

[(1116.540) * (41491100 *

1+R 1+R
(o4

1-(Fr.% +100) ¢

1/0.077
1+Tota| U-

0.077

Tatal ll

12.987
Total R-Value

L Py =y my Py ey

Iz
—2—
_ 3 .

b ®.% ...'a'.-.'o'..o'.o “.p.'

[l P

R-Value

From EZFRAME

0.074

Tatal ll

13.470
Total R-Value

1+Total U-

_ N ~ i '.. 5= ~

i e e }
N ./ -
K A SRS
=
.‘.. .
. PO

§
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Listof.C on
Cavity-(Re) Erame{(Re)
o f
. . on
y . 0.063
[( 1/20.540 ) (1-15/100 ) [( 1/6.985 ) (15/100 )] - =
1+R 1+R Fr.% +100 e
1-(Fr.% +100 _ Fr%=+100
i (Fr ) f _ 15.873
1/0.063 Total R-Value
1+Tota| U-

‘, L
_.<

[l PR

L
- R o L
. .
'

oo
o'~

)

b %% o

e

0.064

From EZFRAME

Tatal 1l

15.530

1/0.064

Total R-Value

[l P
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w N =

o B

O e o O
0.0 0% .%¢* 0 P oL %ep e 00",

:
%

—_——uza

FF&WHQM}HS%FHGHPGG#GW j j :
[(1/6.985) >~ (12/100)] =
1+Rf Fr.% +100

v (1-12/100)] *+
1-(Fr.% +100)

[( 1/20.540 )
1+Rr‘

1/0.060
1+Tota| U-

iillin

0.060

Tatal 1l

16.666
Total R-Value

Flaa.

; 2
_ . 4 _
i — 5
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From EZFRAME

EoforopeoMosypeeg e e
1+Total U-

[ WY Y N [l PR

O e o O]
0.0 0% ."¢% 0 P oL %ep g 00,

Eg

;

:
%

t

v

[( 1/22.540) (1-15/100 )]
1+R, 1-(Fr.% +100)

+

11111

FF&FH{-HQ—AG}H—S{-FH@H{—GGJ—GH—!G{-}GH—' i j -
[(1/6.985) ~ (15/100)] =

0.059

1+Rf Fr.% +100

Tatal 1l

16.949

1/0.059
1+Total U-

Total R-Value
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N 2 | o
><> ORISR [

)
L
EN
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)
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*®
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>
|
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)
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% E

b0 o

0.057
From EZFRAME Tt 11
= 17.440

Total R-Value

1/0.057

BN D < e p—
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Framing-Adjustment-Caleulation:

¥ (1-12/100)] + [(1/6.985) ~ (12/100)] = 0.056

[(1/22.540) Tatalll
1-(Fr.% +100) 1+R Fr.% +100

e f B 17.857
1/0.056 Total R-Value

1+Tota| U-

32 -
o ><> 3
) fea L T
=
Sketeh-of Construction-Assembly
List-of Construction-Components R-Value
0.053
From EZFRAME Tot~i

18.720

Total R-Value

[l PR

. . _1+Tota| U-

T2
L ST
- X L 4 =
- IN ol 5.
R 28

=7

N AB

N ><> o ..

Sketeh of Construction Assembly
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List-of Construction-Componenis R-Value
Cavity(Re) Frame(Re)
c f
Eraming Adi - o
[(1/25.736) ~ (1-9/100) + [(1/9.525) ~ (9/100)] = 0.049
1.0n 1-(Fr.% +100) 1+R Fr.% +100 Tt~ 11
f B 20.408
1/0.049 Total R-Value
1+Tota| U-

[l PR

oo pa|w M=

~o

g
a
o o
e P
[e]

From EZFRAME =

0.044

TaAatal ll

22.83

Flaa.
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X
v
——Sketch-of Construction-Assembly
Listof C ion.C
Cavity-(Re) Erame{(Re)
o f
Framing-Adjustment-Galeulation:
1/3.170 v + 1/7.815 v 10/100 - 0.297
1+Rn 1(Fr.% +100) 1+Rf Fr.% +100 o
1/0.297 Total R-Value
1+Tota| U-
———Skeleh-of-Constlruction-Assembly
LeleCeonoliuclion Copnoonnae ololas
0.323
T atal ll

2006
0.UJU

Total R-Value

Appendix NB - llluminance Categories and Luminaire Power




2005 Nonresidential ACM Manual, Express Terms, 15-Day Language Page NB-71

From EZFRAME

1/0.323
1+Tof[a| U-
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s I
 SiieheerCenstslontoonaabhs
rorc o
Cavity(Rr) Frame(Rg)
c f
Framing-Adjustment-Caleulation:
(1B160) ~ o+ [(46625) v (Z100)] i} 0.305
1+R (L7100 14R Fr.% +100 Tasat
- 1-(Fr.% +100) f _ 3979
1/0.305 Total R-Value
1+Total U-
R-\Value

Appendix NB - llluminance Categories and Luminaire Power
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From EZFRAME
1/0.316
1+Total U-
%
e —— im -
R-Value
Cavity-(Re) FrameL{Re)
c f
FFanmag—Adjustment—Galeu«lahew' j ion:
0.076
1/14.150 ~ 1/7.815 ~ 10/100 -
[(114150) ¥ 1000y * WUZ815) v (10100)] - —
1+Rn 14(Fr.% +100) 1+Rf Fr.% =100 o
1/0.076 Total R-Value
1+Total U-
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R-Value
0.071
From EZFRAME Tasal 1l
= 14.060
= Total R-Value
L X
v . -_
R-Value
c f
[(1114.160) ~ + [(106625) v (7/100)] i} 0.076
1R 1R Fr.% +100 Toéal 1l
13.157
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(1-7/100)]
° 1-(Fr.% +100) f
1/0.076
1+Total U-
R-Value
0.069
From EZFRAME Tad~t 1
= 14.500
= Total R-Value

1/0.069
1+Total U-
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List-of Construction-Componenis R-Value
Cavity(Rer) Frame-{(Re)
c f
Eramina Adi . ion:
0.069
1/16.150 v + 1/7.815 v 10/100 - .
1+R A(Fr.% +100) 1+Rf Fr.% +100 .
1/0.069 Total R-Value
1+Tota| U-

0.062

From EZFRAME Tt~ 11
= 16.130
= Total R-Value
1/0.062
1+Total U-
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L X
< - -
\ - N
——Sketch-of Construction-Assembly
P e e e e Elaloe
Cavity(Rr) Frame(Rg)
c f
FF&WHQ—AG}H&FH&HPGGJGW i j -
0.068
1/16.160 1/6.625 v 7/100 _
[(1116160) ~ (4 71400y * [16.625) (7/100)] = -
1+Rn 1-(Fr.% +100) 1+R]c Fr.% +100 105
1/0.068 Total R-Value
1+Total U-
R-Value

Appendix NB - llluminance Categories and Luminaire Power




2005 Nonresidential ACM Manual, Express Terms, 15-Day Language Page NB-78

From EZFRAME

1/0.066
L X
- IO
R-Value
GCavity (Re) Frame (R )
o f
Framing Adjustment Calculation:
. 0.058
[(1/18.236) (1-4/100 )] [(1/7.745) (4/100)] -
+ - o = Tatalll
1'Rn 1-(Fr.% +100) 1'Rf _ Fr%-100
_ 17.241
1/0.058 Total R-Value
1+Tota| U-
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0.055
From EZFRAME _ Tos~tnt
Z 18.130
Total R-Value

1/0.055
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GCavity-(Re) Frame (Re }
c f
Framing-Adjustment-Caleulation:
0.051
1/22.130 v + 1/9.548 v 10/100 -
1+Rn 1-(Fr.% +100) 1+R]c Fr.% +100 08
1/0.051 Total R-Value
1+Total U-
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From EZFRAME

1/0.051

Flaa.

7
f | '\
"X

/

1 &8
A

R-Value
Cavity(Rer) Frame(Rg)
c f
Framing-Adjustment-Caleulation:
N 0.047
[(1/22.160) (1-7/100 ] + [(1/14.625) (7/100)] -
. N o . TAtal 1l
17Rn 1-(Fr.% +100) 1.Rf Fr.% +100
_ 21.277
1/0.047 Total R-Value
1+Tota| U-
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[l P

R-Value
0.044
From EZFRAME Tabal n
= 22.670
= Total R-Value
1/0.044

:
%

11111
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Framing-Adjustment-Caleulation:
[(1/24.990) ~ (1-10/100)] =+ [(1/12.148) ~ (10/100)] — 0.044
1+Rn 1-(Fr.% +100) 1+Rf Fr.% +100 Tatal 11
22.727
1/0.044 =
Total R-Value
1+Total U-

0.044

From EZFRAME Tt~ 11
= 22.660
= Total R-Value
1/0.044
L X
/ S
R-Value
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Cavity- Re) Frame-(Re)
c f
Framing-Adjustment-Galeulation:

(125160) v .+ [(117625) v (Z100) i} 0.041
1+R (L7100 1:R Fr.% +100 Tasnl 11
- 1-(Fr.% +100) f _ 24,390

1/0.041 Total R-Value

1+Total U-

Flaa.

R-Value
0.039
From EZFRAME Tabal n
25.500
= Total R-Value
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1+Total U-

Al T _— e Flaaa

T

c f
Framing-Adjustment-Caleulation:
v y 0.041
[(1/25.936 ) (1-4/100 )] + [(1/9.725) (4/100)] -
. N o . TaAatalll
17Rn 1-(Fr.% +100) 1.Rf Fr.% +100
_ 24.390
1/0.041 Total R-Value
1+Tota| U-
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Caleulation: _ 0.039
From EZFR P
0 0 Tatal 1l
1/0.039 = 25.460
\\\ 1 ) e — .
> -/ 2. A P
AN \/\ 3, — -
- ~ —6—"7 - X
8 IO
9 I
- SN /
S S
——Sketch-of Construction-Assembly
List of Construction Components R-Value
Cavity(Re) Erame-{(Re)
c f
Framing-Adjustment-Calculation:
0.033
1/32.674 + [(1/11.458) ~ 4/100 =
[(1/32674) ~ 4400y * ) v (4100)] - —
1+Rn 1(Fr.% +100) 1+Rf Fr.% +100 .
1/0.033 Total R-Value
1+Total U-
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Galeulation: 0.031

Rof, F[rgm EZFRﬁ%%g 2 =12 16

Tatal ll

- 31.940
L X
/ .
R-Value
Cavity-(Re) Frame-(Re)
c f
FF&WHQ—AGTHSHHGH{—GGJ-GHLGHGH—' i j :
v v 0.035
[(1/33.150 ) (110100) [( 1/13.508 ) (10/100 )] -
. . o . TAtalll
-R 1-(Fr.% +100) -R _ Fr%=100
28.571
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e f

1/0.035
1+Tota| U-

0.032

From EZFRAME Tt~ n
= 31.64
Total R-Value

rrrrr
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o f
Eraming-Adjustment-Calculation:
0.036
1/32.370 v + 1/11.528 v 10/100 - .
1+Rn 1(Fr.% +100) 1+Rf Fr.% +100 .
1/0.036 Total R-Value
1+Tota| U-
R-Value
0.034
From EZFRAME Tt il
= 29.220
O — = Total R-Value
! EE] erence iatiﬂ;@.'634—| z gg 2* |2|
1+Tota| U-

Al To [ P
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X
8000
i iiteiTisasciictmioems RV S BT by V2
Lol Censlelion Cotnoonn e ololas
Cavity(Rer) Frame(Rg)
c f
FF&WHQ—AG}HSHH@H{—GGJ-GHH{IGH—' i j -
0.031
1/33.160 + [(1/25.625) ~ 7/100 _
[(1/33160) ¥ 47400y * K ) v (Z/100)] - -
1+Rn 14Fr.% +100) 1+Rf Fr.% +100 s
1/0.031 Total R-Value
1+Total U-
R-Value
Appendix NB - llluminance Categories and Luminaire Power 0.030

Tatal 1l
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From EZFRAME

170.030
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I f
[(1/39.280) ~ (1-4/100)] + [(1/13.438) ~ (4/100)] =. 0.027
1+R 1-(Fr.% +100) 1-R Fr.% +100 Tttt
J f - 37.037
1/0.027 Total R-Value
1+Total U-
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From EZFRAME

1+Total U-

Sy T T R o PRp

GCavity (Re) Frame (R )
o f
Framing Adjustment Calculation:
0.028
1/41.130 v + 1/15.488 v 10/100 - .
1+Rn 1(Fr.% +100) 1+Rf Fr.% +100 e
1/0.028 Total R-Value
1+Total U-
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List of Construction Components R-Value
0.027
From EZFRAME Tot~t 1
= 36.95
= Total R-Value

1/0.027

I
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T R L

Looa oo

[(1/40.370) ~ (1-10/100)] =+ [(1/13.508) ~ (10/100)] - 0.030
1+Rn 1-(Fr.% +100) 1+Rf Fr.% +100 Tatal 11
33.333
1/0.030 =
Total R-Value
1+Total U-

0.030

From EZFRAME Tabal n
= 33.38
= Total R-Value
X
w4 B A-
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List-of Construction-Componenis R-\/alue
c f
Framing-Adjustment-Caleulation:
[(1/41.160) (1-7/100 )] + [(1/33.625) ~ (7/100)] = 0.025
[ 1-(Fr.% +100) R _ Fr#%=100 SSPIEY
1/0.025 - 40.000
1+Total U- Total R-Value

Flaa.

R-Value
_ 0.023
Caleulation:
From EZFRAME Tt~ n
= 43.25
= Total R-Value
1/0.023

Al T o Flaa.
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X
Ve
———Skeleh-of-Conslruction-Assembly
List of O o O 2.
Cavity(Rer) Frame(Rg)
c f
FF&WHQ—AG}HSHHGH{—GGJ-GHJGHGH—' i j -
0.019
1/52.160 v + 1/44.625 v 10/100 _
1+Rn A4Fr.% +100) 1+Rf Fr.% +100 o
1/0.019 Total R-Value
1+Total U-
R-Value
0.019
Appendix NB - llluminance Categories and Luminaire Power et

53.02
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From EZFRAME

1/0.019
1+Tota| U-
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[l P

R-Value
Cavity-(Re) Frame{Re)
e f

= 0.019
(152160) 4oy — [(144.625) (7/100 )]

¥ > [y TaAtalll
1+R¢ 14(Fr.% +100) 1+R¢ Fr.% +100

= 52.632

1/0.019 Total R-Value
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From EZFRAME

170.0T8
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Al T o ‘/ Flaaw
- 1 2 3 4 - -
JILAITTIIILNITIIINEY llllll'lllllllllllllllll """" T JUNTETI Iy X
~ ] . -
- - — o -
Sketeh of Construction Assembly
List-of Construction-Components R-Value
Cavity-(Rer) Frame(Re)
c f
Framing-Adjustment-Galeulation:
0.097
+ 1/15.395 v 10/100 -
(1-10/100 )] [( 1715395 ) (107100 )1 = et 1
1-(Fr.% +100) 1+R]c Fr.% +100 0o
1/0.097 Total R-Value
1+Tota| U-

o ? ? - _
............................. ST
A PP
R-Value
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From EZFRAME

1/0.094
1+Total U-
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Al T o ‘/ Flaaw
- -4 ? ? - -
ALLOITTIILR I Ia e rTdaneaeragoeeaeeadoioeeoedississ T JUNTETI Iy X
~ ] . -
- - — o -
Sketeh of Construction Assembly
List-of Construction-Componenis R-Value
Cavity(Rer) Frame(Re)
c f
Framing-Adjustment-Galeulation:
0.238
1/3.950 v 1/9.395 v 10/100 -
1+Rn 1-(Fr.% +100) 1+Rf Fr.% +100 4200
1/0.238 Total R-Value
1+Tota| U-

- 1 -5 ) -
wigg byl s
AN [ R o
ListeF-Construction-Components R-Valdue
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From EZFRAME

1/0.253
1+Total U-
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Al T o ‘/ Flaaw
4 2 3 4 5 - -
JLLOITTINNLeIIIINes llllll'lllllllllllllllll """" T JUNTETI Iy X
1N ~ | . -
C(g( i NCNCNC N R
-7 —— - N
List-of Construction-Components R-Value
Cavity-(Re) Erame{(Re)
c f
EF&WHQ—AQ}H—S{-HQGH{—G&J—GH—'G{-IGH—' i ion:
[( 1/20.950 ) gy [(115395) ¥ (101100 i} 0.049
1+R (1 & 1+R Fr.% +100 Taénl 11
e 1-(Fr.% +100) f 0,408
1/0.049 Total R-Value
1+Tota| U-
4 2 3. 4. _ ~
................ [TV FOTTTT TV TP TTITOVTRTITOY
N
GAVAIRY m—al - = oas
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From EZFRAME

1/0.048
1+Total U-
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Al T o ‘/ Flaaw
- 14 2 3 4 = -
JILAITTINILITIIIINEY llllll'lllllllllllllllll """" T JUNTETI Iy X
™ NN —
ng( NN .
-7 ——m ”
R-Value
Cavity-(Re) Frame{Re)
c f
EF&WHQ—AQ}H—S‘EH%GHPG&J—GH—I&HGH—' j ion:
0.071
1/14.950) ~ 1/9.395 v 10/100 -
1+Rn 1-(Fr.% +100) 1+Rf Fr.% +100 4 oss
1/0.071 Total R-Value
1+Total U-
- 1 2° 3
SO, .
P00
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From EZFRAME

1/0.071

Al To [ P
-/

423 4 5 =
m lllill‘lllll ﬁlllllllhllllllllllllllll T
T T

7 N NN

DOROAON = -2

[T

Cavity (Rn})  Frame(Rg)

EramingAdi ; ion:
v 0.046
[( 1/22.950 ) (1-10/100 )] + [(1/15.395) (10/100)] =
1+R 1+R Fr.% +100 TaAsalll
1-(Fr.% +100
i o ! f 21.740

1/0.046 Total R-Value
1+Tof[a| U-
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Al T . ya [l PR

VE.

B s VAR VAR VA Vel

5 e $ 0, %o %00 09. %00, 06, 0.9,55 3 5.% % 64

————Sketch of Construction Assembly
Lol Cenolelion Cotnoonn e ololas
0.043
Caleulation:
From EZFRAME Tot~i i
= 23.340
_1/0.043 = Total R-Value
[ NN N R e A/ Flaa

LLLLLTTILI LT uuu-lhululhuuu -------- axuaul X

™ ~ ] .
NN

NSRS = -

:
E

il
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Eraming-Adjustment-Galeulation:
[(1/16.950) ~ (1-10/100)] + [(1/9.395) ~ (10/100)] - 0.064
1+RA 1-(Fr.% +100) 1+Ry Fr.% +100 Tos~l N
15.625
1/0.064 =
Total R-Value
1+Total U-
-1 2 3-
|||||ﬁ|||||L'|||||||Jf|||||||'||||||||||||||||| 171 o

s

2% ® 0 %0 %0%0, 09,°% %P o ® % 2% © o

From EZFRAME

1/0.058
1+Total U-

0.058

Tatal ll

17.340
Total R-Value
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B

........... _
4 2 3 4 5 - -
LULLITTIII I itIiIiley llllll'lllllllllllllllll -------- [TEITETET N X
AN ~ .
N NYCNC N R
./

Lictofc e
f
Eraming-Adjustment-Caleulation:
(128950) ~ 0+ [(117.428) - (10100) _ 0.037
1:R (1: ! 1:R Fr.% +100 Tatal 1l
e 1-(Fr.% +100) £ 27 027
1/0.037 Total R-Value
1+Tota| U-
1 2 T 3 4

|||||n||||||||||||||||||||||||||||||‘||||||||I'I'I'I'I'I'I'I'I'I'I'I'I'I'I'I'I" -

AN =
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From EZFRAME
1/0.035
AL = [P
- 1 2 3 4 -
ITTTIL JATITIN: ITTTIT =S uunnluunuluuu --------- gzl X
N NDN -
N NN NC N

NN = -

R-\alue
Cavity(Rer) Frame(Rg)
o f
£ A - ion:
N y 0.049
[(1/22.950) (1-10/100 )] + [(1/11.128) (10/100)] _
= - o T Atal ll
1.RP 1(Fr.% +100) 1.Rf Fr.% +100
' _ 20.408
1/0.049 Total R-Value
1+Tof[a| U-
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bt e / —
A o .
R-Value
0.048
From EZFRAME Tad~t 1
= 20.950
—1/o.048 = Total R-Value
bt e — -
4 2 3 4 5 - -
JULLITTI A0 0 IR eeiiny llllll‘lllllllllllllllll llllllll LLELLLLLLY ><
™ NEN -
NN = -
. — e
List of Construction Components R-Value
. Frame{Re)

iillin
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[(1/30.950) ~ (1-10/100)] + [(1/17.128) ~ (10/100)] 0.032
1+R,, 1-(Fr.% +100) 1+Re Fr.% +100 Taéal 11
31.250
1/0.032 =
Total R-Value
1+Tota|U-
-1 2 3 4
wn Tl S T roreren o
~ ~ < X PP
——Sketch-of Construction-Assembly
R-Value
0.034
From EZFRAME Tot~i
= 29.080
_1/0034 - Total R-Value
P — [
- 1 2 3 4 = -
ITTTIL JATITIN: ITTTIT =S uunnluunuluuu --------- azuuu) X
N NN _-
SR = -
VA — N
R-Value
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Cavity (Re) Frame(Re)
c f
Framing Adjustment Calculation:
5 g 0.045
[(1/24.950 ) (1-10/100 )] + [(1/11.128) (10/100)] - - —
= < % = ~bn
1‘Rn 1-(Fr.% +100) 1'Rf ﬂ 29292
1/0.045 Total R-Value
1+Tota| U-
- 1 2- 3

R ==

b e v =, *o . oo PPN i mm

List of Construction Components R-Value
0.043
From EZFRAME Todatd
= 23.080
1/0.043 =

Total R-Value
1+Total U-
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Aol T o Flaa.

4 2 3 4 5

LT uuu-lhululhuuu -------- gruaal X

N NN
NCNCNC N

RO =

ListoFConstruction-Components R-Value
Cavity-(Re) Frame-Re)
o f
Framing-Adjustment-Galeulation:
[( 1/39.950 ) + [(119.028) ~ (10/100)] ) 0.028

7 (1-10/100 )]

1+R 1+R Fr.% +1 Tat~l 11
; 1-(Fr.% +100) ] r.% +100

_ 35.714
1/0.028 Total R-Value
1+Tota| U-
- 1-2 3- 4
....................... b e,
& y R—
List-of Construction-Components R-Value
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From EZFRAME

1/0.026
1+Tota| U-
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Aol T o Flaa.

4 2 3 4 5

LT uuu-lhululhuuu -------- gruaal X

N NN
NCNCNC N

RO =

ListoFConstruction-Components R-Value
Cavity-(Re) Frame-Re)
o f
EF&WHQ—AQ}H&HQGH{—G&I-GW i j :
(A33950) - (4 iypgy * K(113108) - (10/100)] ) 0.034
1-R 1+R Fr.% +100 Tasal
; 1-(Fr.% +100) ] _ e roa1o
1/0.034 Total R-Value
1+Tota| U-
- 1 T 2 3

s T T iy T

T =

FETTT
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From EZFRAME

. M I'— 6 Fagred-A "

1+Total U-

EZFrame can-be purchased by ordering the following:
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Table B-8A:-Fan-Motor Efficiencies{<-1-HP)

Nameplate ~  Standard  NEMA®
crlzenles mameter Hizn s

N Ry
g
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Open-Motors Enclosed-Motors
Number-of Poles 2 4 123 8 2 4 6 8
Synchronous-Speed | 3600 148060 1200 900 3600 4860 1200 900
Motar Harcanowar
+ — 82.5 80.0 740 75.5 e 200 o
300 95-0 954 954 — 954 954 95-0 —
350 95.0 954 954 — 954 954 95.0 —
400 95.4 95.4 — — 95.4 95.4 — —
450 95-8 95-8 — — 954 954 — —
500 95.8 95.8 — — 954 95.8 — —
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v-Citty

Veiline

o anco

Muminance

Refleetance
EHECaRCe

Cateocory
ategory

Dittg Convi(6)
HHOCOPY Oy

Mimeosranh
VIHREOgraph

mod—detail

VOICTO—1CnC a1
T OO graphs; THOG—OCtdrr

Maero-fiche reader (1)

Dhatgoranhe

NOOE-COD\

THCTHar COp y; poorCopy

Thermal copw

Xerogoeraph
xCrOgraph

coft oranhite laadc
18a65;-50t-grapaite1eaas

laadg

TH - COTtrast

Velum:hish-contrast

VTt

low. contract
TOW-Ccontrast

hich contract
HER-COontrast

low_contract
TOW-CoRtrast

Blye Line
DTHE1ARC

Fracing nanar:

rFachg-paper:
TLiocht Tahla
AZRE1-ab1€e
Printc-
RS
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noor-ribbon(6)
PoeerHBPBOoR{5)

73]

Ind carbon-and-areater (6)
ZHG-Caroon—aRG-greater{o;

Sepia—prints
OCPIa-PHAES

oI T OGIrICCho (1)

CRT Screens (1)

Ink iat nrintar
e PHE!

tana storaaa
tape-Storage
machina arag
HacHRe afrea

Kavhoard reading
eyooara+eaag

A\/ aragc
AV—afreas

Tharmal nrint
HReHRaPHAL

Conference rooms

TUTTCTCTIoC TOUT Y

Eiret gid araas
—HStaHaareas
FahtWayS

Disnlav areas (4)
HSPraY-HeasS{a)
Elavatore
=1eVAerS
Ecealatars
ESCAHAHOFS
Hallwave

lanitorial-snhaces
oA HHOHH-SPaCesS

| obbies and lounaes
=0PRIESARG1O0URGES
Maodel makinga
MIOGEeHMaKkiRg

Mail sorting
idh-SORG

aguinment service (3)
equipmentserHee (o)
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Rast rooms

oot TOOITo

Stairs

ot

Ltilitv rooms

Tty TO0S

Color-selection(5)

COIOT—OCICTGHon(o)

Granhs

SHAPTTo

| avout and artbwork
=Y OotHtaaatwWonrk

Kavlinina
ey HHRG

Phatoaranhs mod _detail
—otOgRAPAS;MoG—LGewah

#2 nanciland softer leads
HZPEeRChHaRG-SORE1Eats

#32 nancil

Ho-PEeRCH

H4 nencil-and-harderleads (6)
H4PEeRCHaRGNAFGe1eaas{o)
Rall-naint nan

Ban-PoHpPen

Ealt-tin-ben

ot P

AASALLLEAC

\eilina

Huminace
HtHRHAAGEe

NOTES-
NGO~

Mang

WMaPS

Newsnprint

NEWSPHAT
Tvned-Oriainals
HYPEeG-OHGHRAS

Telenhone books

e PRORE-DOOKS

Bnt(B) csee 24
pPt{o)-SeeL4

Glossvy-maaazines
S1OSSY-agaZzines

8 & 10 nt
O S—IPt
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\SA~

CUVY aotivity

TOT OoTTo O O oGOt T

k%

200
£99

2000
oo

Genersl

STHCTar

1000

10000

Eaatura

LAA~A~A"S

T oaturc

2000
ZO0Y

General

200
£90

ITctat

1000
LA A~A~4

10000

Eaature

LA AAY

T oaturc

100

1000
IA~A~A~)

Genersl

oo

STHoTat

500

5000

Eaatura

—oaturc

information

o aaor
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e
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Sl o st e redennmainnly
Lo 3
. 4 ——Courlaclivily-area—E
. Domechalleonddicestioonie 2
B e e
Auditoriums
) .
—  AssemblyC'
Soci - . Drafting
Banks )
" iatndiaink.
——Lobby
) s .
—_— CepeplC leads E°
- Writingarea——— D ow-contrastmedia;-hard-graphite
T ' stations = 3
—leads—F
Barber shops and beauty parlors— E Vellum
Churches-and-synagogues—{see-page 7-2)" High contrast g
Club-and-lodge rooms =
inaD .
CeRRE e AT High-contrast =
Ceainadns B ow-contrast g3
it ) ; o .
—  lighttableC
——Prints
— Plesline =
- BlueprintsE
v E
NOTE- Thi . ‘ £ 2.2 ot the IES
I 082 Adolicati b
‘ ) o iretywi
) ; Permiksi . ina.
e
Hlurminanee Hlurminanee
A mti - A mti -
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Educational facilities
——Layoutand-artwork-F
——Classrooms
L)
¢ Readi ———Photegraphs;-moderate-detail-E
. .
Drafting-{see-Drafting)
. Resi Health-carefacilities
Seience-laboratories
£ A - E
Lecturerooms Autopsy-and-mergue’ '

- udirpen oo Doading - Autopsy-general—E
At tahla G
able

Demonstration
SESHROASHAHOR

£ ico facilit
Dini

Cashier D
aSHHEe! =4

Cleaning-C
eaRgG

Dinina =y
Dining

=4

E . M s

spaces)

Kitchen E
HeHeR =

Garages -~ parking(see page 14-28)

c : g
- . . E

Graphs E
=

n
RPHS
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S

——Cardiacfunctionlab—————E
————Central sterile supply

B
lnsnection E
Insp ) I
_ el B

service—FE
; iy 17
General—C

. . . e

Chemistrv-rooms E
AEAHSHYH S =

- Continued

Huminanece Huminanece
HHHRAAARG HHHHRAAARG

X i -
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ora

Alcohel vault )
GeneralE
neral—E
liaht liaht A
Hamatoloayw E i
Hematology E —  Parenteralsolutionroom— D

S
<
B
5
D
(/2]
&
B
o

O

O

I Tankrocoms
—Gen#al—(—elean)—hnen—aﬂeem—D - MS

—— Treatmentcubicles-bB

. 18
Linen closet B General "E

obb\v C Local H
(524 I

Lockerrooms G — Pulmonary-functionlaboratories’—E
rooms

General-—D

Fat—9

daesk E

FESK =
Corridors—dayv e

OFHGOrS;Gay
Corridors—night A
FHEOFS;HHGHT

D

]

D
m

]
D
D
bl
L
™

General—G

_ Pelbemmeinble dens oo
#19)

Resuscitation G
T tatHohR
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Toilsts
Utilitvroom D
_ o fility-Foom D

W aiti 17

General* A

\WAaitina-area
wahihg-area

B
Eilm sortinga E
Eilm-sorting I
Bar E
General®*B
W aitina-ares B
aiting-area B

Anasthesia C
AREeStHesSa

General—C
Refrat

— leeslieradins— D0

Homes (see Residences)

......
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Frg—2=t—Contirred

—_— {30-inches)rabovefloor] Siene
B Accounting {see Reading)
. B NPT D
B ) - E
Cataloging p? Drafi Drafii
Card files E 5 . - Readi
Readi o ) ios. )
— b
. .
——Map-picture-and-printrooms{see-Graphic-design o I - a
—and material)
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s
#3 nencil E®

42 poncir LaS A
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P

H

Ball-noint ben

n3

Ball-point pen
Eelt-tio pen

i o

Ditto-copyvE®

O

OpYyE=

=

Chalkboards

RO arGS

Mimeoaraph

v

graph

3

6-pointtype

P

P

3

Thermal-copy.poor-copy

L

PP

Hat

Mabps
vrapP

Xerography

E

areater

at

Tvned-originals
—ypea

HGHSHS

piz1+3

~1—SGFeehRs

CRT secreens

aood—ribbon

SR 0hR

noorribbon
pPeerHboehn

20

Ink-iet nrinter

e PHRe!

I

Dining

D
=

Active operations
ACHYE-OPerations

Grooming

Tape storage

LELEIC)

<

SH

ap

Machine-area

=)

af

vraGrih

=

Eauinment service E°

EGHHPMEeR-SeRAC

()]
¢
g
o
()
el
9
3
uL

o

%)

=

o

Q.

2

%

S

S

S

-~

e,

oy <

©

(%]

2

L =

S

[N )

— N~

© ©

i O

d )

£

C o

i S

%

B

g

S

=

]

m

=

X

3

IS

%)

Q)

S

<
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135 6 casual

3,

SHY—aSKPrer

Prim

Hand-sewing

I

-5

Light to-medium-fabrics

aARHGS

G

=g

Machine-sewing

I

S

A=

Light to-medium-fabrics

aARHGS

G

=g

Huminance
HHHHAAREE

Cateaory

SHEGOTY

Difficult tasks
HHGURASKS
Critical- tasks

HHGHASKS

B

lroning
HORHRG

Kitehen duties

HGAER-GUHEesS

E
g =

S

t

Critical-seeing

Nonecritical

NORGHHG

E

I

S

t

Difficult seeing
HHCGUH H

Nonecritical

NORGCHHGE
NORGHHG

Noneritical

=4

Simple-sceores

€5

S

HAPt

1IeS3ahG

Books maaazines and
I

ln-bed
Hoea
FEeSK

Desk

Normal
NOHRA
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1+ CES10W/GR10g 4 bbio— blocmote opd oo 16 eloseee

1 CES10W/GR10g 4 ELECT Electronic 3

2 CFS10W/GR10g 1 ELECT Electronic 26
CempostElooroocopnt DL MM Sl 0o/ Eon Bl Booss

1+ CES18W/GR10g 4 bbio— blocmote opd oo 23 stlocece

1 CES18W/GR10g 4 ELECT Electronic 15

2 CFS16W/GR10g 1 ELECT Electronic 30
CempostElooroccont DL O Sl 0o/ Eon Bl Booss

e bbf— bloomoe i 34 Sl

1 CES2HW/GR10g 4 ELECT Electronic 24

2 CFS21W/GR10g 1 ELECT Electronic 42

CempostElooroocnpnt DL OO 0o/ Eor Bl Booss
e bbf Meoomoiosiondand 38 Ll
e et e 222

NN
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2 CFS28W/GR10g 1 ELECT Electronic 58

Compact Fluorescent 2D-(38W.-GR10g-4-Four Pin-Base)
1 CES38W/GR10g ¢ ELECT Electronic 3% 81" across
R et e 4

1 CFQI3W/G24d-1 1 MAGSTD120 120V Magnetic Standard 18  6.0"MOL
2 CFQ13W/G24d-1 2 MAGSTD120 420V Magnetic Standard 36
1 CEQI3W/G24d-1 1 MAGSTD277 227\ Magnetic Standard 16
2 CFQ13W/G24d-1 2 MAGSTD277 227\ Magnetic Standard 32
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2
1 CFQI8W/G24d2 1 MAGSTD120 120V MagneticStandard 25  6.8"MOL
2 CEQI8W/G24d2 2 MAGSTD120 120\ Magretic Standard 50
1 CFQI8W/G24d2 4 MAGSTD277 227\ Magretic Standard 22
2 CEQI8W/G24d-2 2 j 44

1 CFQR6W/G24d-3 4 MAGSTD120 120\ Magnetic Standard 37  7.6"MOL
2 CEQ26W/G24d-3 2 MAGSTD120 120\ Magnetic Standard 74
1 CFQ26W/G24d-3 4+ MAGSTD277 227\ Magnetic Standard 33
2 CFQ26W/G24d-3 2 MAGSTD277 227\ Magnetic Standard 66
1 CFQ26W/G24d-3 1 ELECT 277V 277\ Electronic 27
2 CFQ26W/G24d-3 2 ELECT 277V 277\ Electronic 54

1 CEQIOWIG24g-1 1 MAGSTD120 120V MagneticStandard 16 46"MOL
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2 CFQIOW/G24g-+ 2 MAGSTD120 120V Magnetic Standard 32

6.9" pqgl

if
%
E

%
%
|

CFQ18W/G24g2 4 MAGSTD120 120\ MagneticStandard 25  6.8"MOL

T
%
E
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1 FT48W/2G14 4  MAGEE  Magnetic Energy Efficient
2 FT18W/2G14 1  MAGEE  Magnetic Energy Efficient
3 FT48W/2G11 15 MAGEE  Magnetic Energy Efficient
3 FT18W/2G14 2  MAGEE  Magnetic Energy Efficient
4  FT18W/2G11 2  MAGEE  Magnetic Energy Efficient
1 FT48W/RGH 1 ELECT Electronic
2 FT18W/RG1t 1 ELECT Electronic
3 FT48W/2G11 15  ELECT Electronic
3 FT48WRG1t 2 ELECT Electronic
4 FT48WRG1HT 2 ELECT Electronic

v 88sB

ER8 R &R

1 FT24W/2G14 4  MAGEE  Magnetic Energy Efficient
2 FT24W/2G14 4+ MAGEE  Magnetic Energy Efficient
3 FT24W/2G14 15 MAGEE  Magnetic Energy Efficient
3 ET24W/2G11 2  MAGEE  Magnetic Energy Efficient
4 FT24W/2G14 2  MAGEE  Magnetic Energy Efficient
1 FT24W/RG1t 4 ELECT Electronic
2 FT24W/eG1t 1 ELECT Electronic
3 FT24W/2G11 15  ELECT Electronic
3 FT24W/eG1t 2 ELECT Electronic
4 FT24WRGHT 2 ELECT Electronic

$ 88BN

ERRER

1 FT36W/2G14T 1  MAGEE  Magnetic Energy Efficient
2  ET38W/R2G11T 1  MAGEE  Magnetic Energy Efficient
3 FT38W/R2G11 15 MAGEE  Magnetic Energy Efficient
3 FT36W/R2G14T 2  MAGEE  Magnetic Energy Efficient
4 ET38W/R2G11T 2  MAGEE  Magnetic Energy Efficient
FT36W/2G11 ELECT Electronic
FT36W/RG1T 1 ELECT Electronic

s$tggy

& %
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3
3
4

e

FT36W/2G11
FR3eWR261H

2
2

ELECT
ELECT

105 Tandem-wired
107

1406 &) Two-lamp
oo
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1 ET40W/2G11 1  MAGEE  MagneticEnergy Efficient 43
2  ET40W/2G11 1 MAGEE  MagneticEnergy Efficient 86
3 FT40W/2G11 2  MAGEE  Magnetic Energy Efficient 130
4  ET40W/2G11 2  MAGEE  MagneticEnergy Efficient 172 (2)Two-lamp
ballasts
1 FT40W/2G11 4 ELECT Electronic 36
2 ET40W/2G14 4 ELECT Electronic 71
2 ET40W/R2G11 1 ELECT Electronic 70
3 FT40W/2G11 4 ELECT Electronic 98
3 ET40W/RG14 145  ELECT Electronic 106 Tandem wired
3 ET40W/R2G11 2 ELECT Electronic 107
4  FT40W/2G11 2 ELECT Electronic 142 (2)Twe-lamp
ballasts
FT40W/2G1+ 1 ELECTRO Elec-ReduceOutput(75%) 59
4  FT40W/2G11 2 ELECTDIM Electronic Dimming(to1%) 140 (2)two-lamp
ballasts
Eluorescent Twin (50 W - E50TT Lamp)
1 ET50W/2G14 1 ELECT Electronic 54
2 FT50W/2G11 4 ELECT Electronic 106
3 ET50W/RG14 4 ELECT Electronic 98
3 ET50W/2G11 1.5  ELECT Electronic 159  Tandem wired
3 ET50W/R2G14 2 ELECT Electronic 180
4  FT50W/2G11 2 ELECT Electronic 212 (2)Twe-lamp
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—oleoe
Fluorescenthwin{55-\W—--FE5511Lamp)}
1 ET55WRG1H 3 ELECT Elostenis 62

1 FB31T8 05 MAGEE  Magnetic Energy Efficient
1 FB31T8 1  MAGEE  Magnetic Energy Efficient
2 FB31T8 1  MAGEE  Magnetic Energy Efficient
3 FB31T8 2  MAGEE  Magnetic Energy Efficient

1 EB3418 05 ELECT Electronic
1 FB3178 4 == Electronic
2 FB31T18 1 ELECT Electronic
3 EB3418 4 ELECT Electronic
3 EB3418 15 ELECT Electronic
3 FB31T18 2 ELECT Electronic
2 EB31+8 1 ELECTHS Electronicnstant-Start
3 EB3418 4 ELECHIS Electronicnstant-Start

?

TRL2LB8YEE

1  FB40T42/ES 05 MAGEE  Magnetic Energy Efficient
1  FB4OT42/ES 4  MAGEE  Magnetic Energy Efficient
2  FB4OT42/ES 4  MAGEE  Magnetic Energy Efficient
3  FB4OTI2/ES 4  MAGEE  Magnetic Energy Efficient
3 FB40TI2/ES 15 MAGEE  Magnetic Energy Efficient
3 FB4OT42/ES 2  MAGEE  Magnetic Energy Efficient
1 FB40T42/ES 05  ELECT Electronic

8L Ns8
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4 EB40T12/ES 3 ELECT Eloctenis 34
2 EB40T12/ES 3 ELECT Elostenis 59
3 EB40T2/ES 4 ELECT Eleetronic 90
3 EB40T12/ES 45 ELECT Eloctenis 88  Tandem-wired
3 EB40T12/ES 2 ELECT Elostenis 90
2 H—Fluorescentd-Tube-Standard-(40\W-—--FB40T12-Lamp)
1 EB40H12 66 MAGEE = MagneticEnergyEfficient 43  Tandem-wired
4 E2A000 = MACEE MeonoteEnorer 2iisiont 42
2 E2A00a 4 MAG-EE Magnetic-Energy-Efficient 2e
3 EB40T42 4 MAG-EE Magnetic-Energy-Efficient 427
3 E2A00a 2 MAG-EE Magnetic Energy Efficient 134
4 FB40T12 05 ELECT Eleetronic 35  Tandem-wired
4 EB40T42 4 ELECT Eleetronic 36
2 EB40T12 3 ELECT Eloctenis 124
3 FB40T12 3 ELECT Elostenis 106
3 e 2 == Eloctenis 4oz
LUMINAIRE POWER ~ febleB-40%
Eeleod Watts/
N&l Desianati N&l \bbroviati | o L -
Fluorescent Preheat T5-(4W)
4 4 MAG-STD Magnetic-Standard 8 6-MOL
FluorescentPreheat T5-(6AH
4 4 MAL =D Meoomoiosiondand e choL
Fluorescent Preheat T5-(8W)
4 3 MAG-STD Magnetic-Standard 12 12" MOL
Fluorescent Preheat T8-(15W)
4 4 MAG-STD Magnetic-Standard 19 18"MOL
Eloorocsont Heahoor 0 DIEVD
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4 F15T42 3 MAG-STD Magnetic-Standard 19 18" MOL
Fluorescent Preheat T12-(20W)

4 =0 4 MAG-STD Magnetic-Standard 25 24" MOL
2 =0 = MAC =T MesnoleSondard £0 2oL
Fluorescent Preheat T8{30'A1)

2 =20 MAG-STD Magnetic-Standard 9 30"-MOL
Fluorescent Preheat T12-(30\W)

1 F30T12 3 MAG-STD Magnetic-Standard 46 30-MOL
2 [ 4 MAG-STD Magnetic-Standard 9 30" MOL
2 o 4 MAG-EE Magnetic-Energy-Efficient 4 30"-MOL
4 F30T12 3 ELECT Electronic 34 30-MOL
2 2o 2 L= Elochenis g2 Zot oL

|

F ORI R I CHRNTO U

[T U IR TGN

MAG.EE M o E Effici o4
MAG.EE M o E Effici 45
ELECT Electronic 22
== Electronic 33
ELECT Electronic 53
ELECT Electronic 55
== Electronic 63
ELECT Electronic 66

MAGEE M e Céic 65
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1 F25T8 1 ELECT Electronic 27

2 E25T8 1 ELECT Electronic 48

3 F25T8 1 ELECT Electronic 68

3 F25T8 2 ELECT Electronic 75

4 E25T78 1 ELECT Electronic 89

4 F25T8 2 ELECT Electronic 96 (2 two-lamp
-ballasts

| FluorscentRapid Stort T8432Wandd0W)

| foot E Rapid S Detic (32W.

4 F327T8 05 MAGEE = MagneticEnergy Efficient 35  Tandem-wired

1 F32T8 1 MAGEE  Magnetic Energy Efficient 39

2 F327T8 1 MAGEE  Magnetic Energy Efficient 70

3 F32T8 2  MAGEE  Magnetic Energy Efficient 109

4 F327T8 2 MAGEE  Magnetic Energy Efficient 140  (2)two-lamp
‘ballasts

1 F32T8 0.5 ELECT Electronic 31  Tandem wired

1 F32T8 3 ELECT Electronic 32

2 F327T8 1 ELECT Electronic 62

3 F32T8 1 ELECT Electronic 93

3 F32T8 15 ELECT Electronic 93  Tandem-wired

3 F327T8 2 ELECT Electronic 94

4 F32T8 1 ELECT Electronic 114

4 F32T8 2 ELECT Electronic 124 (2} two-lamp
-ballasts

2 F32T8 1 ELECTIS  Electronic Instant Start 63

3 F32T8 1 ELECTIS  Electronic Instant Start 96

3 F32T8 15 ELECTIS Electronic-lnstant-Start 95  Tandem wired

4 F327T8 1 ELECTIS  ElectronicInstant Start 124

4 F32T8 2  ELECTIS Electronic Instant Start 126 2Hwe-lamp
-ballasts
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2 F32T8 1 ELEGCTRO Electronic Reduce Output (75%)

3 E32T8 1 ELECTRO ElectronicReduce Output (75%)

3 F32T8 15 ELECTRO Electronic Reduce Output (75%)

4 E32T8 1 ELEGCTRO Electronic Reduce Output (75%)

4 E32T8 2 ELECTRO ElectronicReduce Output{75%)

4 E32T8 2  ELECTTL  Electronio Two Level (50 & 100%)

2 F32T8 1 ELECTAQ  ElectronicAdjustable Output
{to-15%)

3 F32T8 15 ELECTAO  ElectronicAdjustable Output
{to-15%)

4 E32T8 2 ELECTAQ  ElectronicAdjustable Output
{to-15%)

54
76
77  Tandem wired
100
102 (2)1twe-lamp

4 F32T8 2 ELECTDIM Electronic Dimmingto1%) 150  (2)}two-lamp
ballasts
5 foot Fluorescent Rapid-Start (40W)
1 F40T8 1 MAGEE  Magnetic Energy Efficient 50
2 F40T8 1 MAGEE  Magnetic Energy Efficient 92
1 F40T8 14 ELECT Electronic 46
2 F40T8 1 ELECT Electronic 79
3 F40T8 2 ELECT Electronic 109
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e
4 B 4 bbio— blocmote topd o 42
2 E30HR2IES 4 MAG-STB Magnetic-Standard 74
3 I e MAocih Magnetic Standard 44 Tendemosdeed
3 B 2 i blocmote oo e
2 E30HR2IES 4 MAG-EE Magnetie-Energy-Efficient 66
4 E30TH2/ES 4 ELECT Eleetronic 26
2 I 4 == Eloctenis £2

1 1 MAGSTD Magnetic Standard 46
2 1 MAGSTD Magnetic Standard £9
3 2 MAGSTD = MagneticStandard 125
dtootFluorescentRapid-startEnergy-Saving-Plus-{32304
4+ F40T12/ESPlus 05 MAGEE  MagneticEnergy Efficient 34  Tandem-wired
1 F40T12/ESPlus 1 MAGEE  Magnetic Energy Efficient 41
2 F40T12/ESPlus 1 MAGEE  Magnetic Energy Efficient 68
3 F40T12/ESPlus 1 MAGEE  Magnetic Energy Efficient 99
3 F40T12/ESPlus +5 MAGEE = MagneticEnergy Efficient 102 Tandem-wired
3 F40T12/ESPlus 2  MAGEE  Magnetic Energy Efficient 109
4 F40T12/ESPlus 2 MAGEE  Magnetic Energy Efficient 136 (2) Two-lamp
‘ballasts
4-foot Fluorescent Rapid-Start Energy-Saving{34\W)
1 F40TM12/ES 05 MAGSTD*™ = MagneticStandard 42  Tandem-wired
1 F40T12/ES 1 MAGSTD™  Magnetic Standard 48
2  F40T12/ES 1 MAGSTD™  Magnetic Standard 82
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F40T42/ES 2 MAGSTD®™  MagneticStandard 130

F40T42/ES 2 MAGSTD*™  Magnetic Standard 184 (2)Twe-lamp
ballasts

1 F40T42/ES 05 MAGEE  Magnetic Energy Efficient 36  Tandem-wired

1 F40T42/ES 4  MAGEE  Magnetic Energy Efficient 43

2  F40T42/ES 4  MAGEE  Magnetic Energy Efficient 72

3 F40T42/ES 4  MAGEE  Magnetic Energy Efficient 105

3 F40T42/ES 2  MAGEE  Magnetic Energy Efficient 112

4  F40T42/ES 2  MAGEE  MagneticEnergy Efficient 144  (2) Two-lamp
ballasts

F40T42/ES 1  MAGHC  Magnetic Heater Cutout 58

E40T42/ES MAGHGC  Magnetic Heater Cutout 87  Tandem wired

4  F40T42/ES 2  MAGHGC  MagneticHeaterCutout 116  (2) Two-lamp
ballasts

2 F40T42/ES 4 MAGHGCEQ Mag HeaterCutoutFullLight 66

3 F40T42/ES 45 MAGHGCFEQ MagHeaterCutoutFulllight 99  Tandem wired

4  F40T42/ES 2 MAGHGCFEQO Mag-HeaterCutoutFulllight 132  (2) Two-lamp
ballasts

1 FA0T12/ES 05 ELECT Electronic 30  Fandem-wired
1 F40TH12/ES 1 ELECT Electronic 34
2 F40TH12/ES 4 ELECT Electronic 62
3 FA0T12/ES 1 ELECT Electronic 90
3 F40TH12/ES 15 ELECT Electronic 93  Tandem-wired
3 F40TH12/ES 2 ELECT Electronic 93
4 e 4 == Electronic 121
4 FA0T12/ES 2 ELECT Electronic 124 (2) Two-lamp
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ballasts
2  F40T42/ES 4 ELECTAO Elec-Adjustable Output{to15%) 60
3 F40T42/ES 45 ELECTAO Elec-Adjustable Output{to15%) 90  TFandem wired
4  F40T42/ES 2 ELECTAO Elec-Adjustable Output{to15%) 120 (2) Two-lamp
ballasts
| FluorscontRapid St TI240W:
4 foot Fluorescent Rapid Start Standard {40W)
1 E40T42 05 MAGSTD*  Magnetic Standard 26  Tandem wired
1 F40T42 1 MAGSTD®™  Magnetic Standard 52
2 F40T42 1 MAGSTD®™  Magnetic Standard 96
3 E40T42 15 MAGSTD*  Magnetic Standard 144  Tandem wired
3 E40T42 2 MAGSTD®™  MagneticStandard 148
4 F40T42 2 MAGSTD®™  Magnetic Standard 192 (2)Two-lamp
ballasts
1 E40T42 05 MAGEE  Magnetic Energy Efficient 44  Tandem-wired
1 E40T12 1  MAGEE  Magnetic Energy Efficient 46
2 F40T12 1  MAGEE  Magnetic Energy Efficient 88
3 E40T42 1  MAGEE  Magnetic Energy Efficient 127
3 F40T42 2  MAGEE  Magnetic Energy Efficient 134
4 E40T42 2  MAGEE  MagneticEnergy Efficient 176 (2)Twe-lamp
ballasts
F40T42 1 MAGHGC  MagneticHeater Cutout 71
F40T42 MAGHC  Magnetic Heater Cutout 107  Tandem-wired
4 E40T42 2  MAGHGC  MagneticHeater Cutout 142  (2)Two-lamp
ballasts
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2 EAo—2 1+ MAGHGCFO MagreticHeater CutoutFullLight e
E40T42 2 MAGHGFQO MagnreticHeaterCutoutFullLight 160 (&) Two-lamp
—olleoe
4 F40T42 05 ELECT Eleetronic 36  TFandem-wired
4 E40T42 4 ELECT Eleetronic 37
2 Ao 4 == Eloctenis 2
3 Ao 4 et Eloctenis s
3 F40H2 +5 ELECT Eleetronic 408 TFandem-wired
3 Ao 2 == Eloctenis e
4 EAo—a 4 et Eloctenis des
4 F40T42 2 ELECT Eleetronic 4 Pwo-tamp
-ballasts
2 Ao 4+  ELECTRO HectronicReduceOutput(75%) 64
3 F40H2 4  ELECTRO EHlectronicReduee-Output(76%) 90
3 E40T42 15 ELECTRO FElectronicReduceOutput(76%) 92  Tandem-wired
4 Ao 2 ELECTRO FElectronicReduce Output(#5%) 122 (2)Two-lamp
—olleoe
2 F40T42 4 ELECTTL Elee—Two-Level{50-&100%) 69
Ao S Elec—Fwo-Level{50-8&-100%) 104  Fandemwired
4 EAo—a 2 ELECTTL Elec—Fwo-Level{50-8&-100%) e I e
-ballasts
2 E40T42 4 ELECTAO Elec-Adjustable Output{io16%) 73
3 Ao 15 ELECTAO Elec-Adjustable Output{lo15%) 140 Tandem-wired
4 EAo—a 2 ELECTAO Elec-Adjustable Outputflo15%) 146 (2)Fweo-lamp
ballasts
2 Ao o Bl Eleslenis Dlemenlas Lm0 o
3 Ao 15 ELECTDIM Electronic Dimming{to1%) 1256 Tandem-wired
4 F40T42 2  ELECTDIM Eleetronic Bimming-to4% 166  (Fwo-lamp
-ballasts
LUMINAIRE POWER ~ febleBa8t
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ELECT  Electronic
ELECF  Eleetronie
ELECT = Eleetronic

Fe® Bes FEr Fi

5 &8

LUMINAIRE POWER  FableB-401

Lamp

Ballast
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1 F98TI2/HO/ES 4 MAGSTD Magnetic Standard 125

2 F98TI2/HO/ES 1 MAGSTD®™  Magnetic Standard 227

2 FE98TI2/HO/ES 4  MAGEE  Magnetic Energy Efficient 208

4 FE98TI2/HO/ES 2  MAGEE  MagneticEnergy Efficient 416  (2) Two-lamp
ballasts

FO8T12/HO/ES 4  ELECT Electronic 160

FO8T12/HO/ES 2  ELECT Electronic 320 (2)Twe-lamp
ballasts

1 F96T42HO 4 MAGSTD Magnetic Standard 140

2  F96T42HO 4 MAGSTD* Magnetic-Standard 252

2  F96T42HO 4  MAGEE  Magnetic Energy Efficient 237
4  F96T42HO 2  MAGEE  Magnetic Energy Efficient 474 (2) Two-lamp
ballasts

F96T12/HO 1 ELECT Electronic 190
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2 e 4+  ELECT Electronic 130

4 F96T12 2 ELECT Electronic 260 (2) Two-lamp
-balasts

2 e - Bl Eeeenie e o 2l

3 F9eH2 15 ELECHS  ElectronictnstantStart 195 Tandem
wired

4 E96H42 2  ELEGHS  ElectronicinstantStat 260 2)3Twolamp
balasts

1 MV40 1 MAGSTD Magnetic-Standard 51
1 MV50 1 MAGSTD Magnetic-Standard 63
1 MV75 1 MAGSTD Magnetic Standard 88
1 MV100 1 MAGSTD Magnetic Standard 119
1 MV475 1 MAGSTD Magnetic-Standard 197
1 MV250 1 MAGSTD Magnetic Standard 285
1 MV400 1 MAGSTD Magnetic Standard 450
1 MV4000 1 MAGSTD Magnetic Standard 1080
Metal Halide
1 MH32 1 MAGSTD Magnetic Standard 42
1 MH70 1 MAGSTD Magnetic-Standard 95
1 MH100 1  MAGSTD Magnetic-Standard 142
1 MH175 1 MAGSTD Magnetic Standard 210
1 MH250 1 MAGSTD Magnetic-Standard 295
1 MH400 1 MAGSTD Magnetic Standard 481
1 MH1000 1 MAGSTD Magnetic Standard 1080
. o
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4 HPS35 3 MAG-STD blocmote opd oo 44
4 HPS50 3 MAG-STB Magnetic-Standard 64
1 HPS70 3 MAG-STD Magnetie-Standard 93
4 HPS100 4 bbio— blocmote opd oo e
4 HPS150 4 MAG-STB Magnetic-Standard 13
1 HPS200 3 MAG STD Magnetic Standard 240
4 ———— 4 bbf— bloomoe i s
4 HPS400 4 bbio— blocmote opd oo 458
4 HPS1000 4 MAG-STB Magnetic-Standard 1096
e
4 oo 4 bbf— bloomoe oo 30
4 LPS35 4 bbio— blocmote opd oo c0
4 LPS55 4 MAG-STB Magnetic-Standard 80
1 LPS90 3 MAG STD Magnetic Standard 125
4 LPS135 4 bbio— blocmote opd oo e
4 LPS180 4 MAG-STB Magnetic-Standard 220

1 Q0MR16(12V) 1 ELECT Electronic 23
1 Q35MR16(12V) 1 ELECT Electronic 39
1 Q50MR16(12V) 1 ELECT Electronic 55
1 Q70MR18(12V) 1 ELECT Electronic 78
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FluorescentLamps F40U/43 CoolWhite FO9sT12! W
F40 CcW E40U/3 Warm-White Fo8T12/ WWwW
F40 B F40U/6 Cool White FO6T12/ WWX
F40 DANM F40U/6  Warm-\White Deluxe FO8T12/ ALXANM
F40 W F40U/8 Warm-White Fo8T12/ HO/D
F40 WW 5926'[14 CcWwW F96T12/ HO/CW
F40 WAAX Fo6T1 b Fo8T12/ HOMW
2/
F40 WWX/WM EQS;M D/WM FO96T12/ HO/MWW
IncandescentPAR Lamps Inc—ReflectorLamps
75PAR38 150PAR38 75R40 200R40
75/65PAR38 150/120PAR38 75R30
100/80PAR38 150R40
100-PAR38 100R40
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Appendix NC - Fan Motor Efficiencies

Table NC-1 Fan Motor Efficiencies (< 1 HP)

Nameplate or Brake Horsepower Standard Fan Motor NEMA* High Efficiency Premium Efficiency
Efficiency

1/20 40% o o

112 49% o o

1/8 55% o o

1/6 60% o o

1/4 64% o o

13 66% s s

172 70% 76.0% 80.0%

3/4 2% 77.0% 84.0%

NOTE: For default drive efficiencies, See Section 4.2.2

*NEMA - Proposed standard using test procedures.

Minimum NEMA efficiency per test IEEE 112b Rating Method.

Appendix NC - Fan Motor Efficiencies




2005 Nonresidential ACM Manual, Express Terms, 15-Day Language Page NC-2
Table NC-2 Fan Motor Efficiencies (1 HP and over)

Open Motors Enclosed Motors
Motor Horsepower 2 pole 4 pole 6 pole 8 pole 2 pole 4 pole 6 pole 8 pole

3600 rpm 1800 rpm 1200 rpm 900 rpm 3600 rpm 1800 rpm 1200 rpm 900 rpm
1 = 82.5 80.0 74.0 755 82.5 80.0 74.0
1.5 82.5 84.0 84.0 75.5 825 84.0 85.5 77.0
2 84.0 84.0 85.5 85.5 84.0 84.0 86.5 82.5
5 85.5 87.5 87.5 87.5 87.5 87.5 87.5 85.5
75 87.5 88.5 88.5 88.5 88.5 89.5 89.5 85.5
10 88.5 89.5 90.2 89.5 89.5 89.5 89.5 88.5
20 90.2 91.0 91.0 90.2 90.2 91.0 90.2 89.5
25 91.0 91.7 917 90.2 91.0 924 917 89.5
30 91.0 924 924 91.0 91.0 924 917 91.0
50 924 93.0 93.0 91.7 924 93.0 93.0 917
60 93.0 93.6 93.6 924 93.0 93.6 93.6 917
75 93.0 941 93.6 93.6 93.0 941 93.6 93.0
125 93.6 94.5 941 93.6 94.5 94.5 94.1 93.6
150 93.6 95.0 94.5 93.6 94.5 95.0 95.0 93.6
200 94.5 95.0 94.5 93.6 95.0 95.0 95.0 941
250 94.5 95.0 954 94.5 954 95.0 95.0 94.5
300 95.0 954 954 = 954 954 95.0 =
350 95.0 954 954 = 954 954 95.0 =
400 954 954 = = 954 954 = =
450 95.8 95.8 = = 954 954 = =
50 5.8 5.8 — 95 95.8 —
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-108 052-055 056 Zenith-Juminance;-Cd/m’ £ 100
Ceiline s defined l F0.6 .
—0000—3000-=0-t0-30;000-m
1777 — unlimited: <l
— unl heicht of cirrof i
202 065-068 069 Sky-Condition
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—7F00+6-0600—=—F0-0+4e—+60-0-"C

209 | 104407 | 168
216 | 409-H8 |
24 | H2-H3 | H4d
22 | HSHSs | He
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IPCT = Int( AOC L2\ /4)
ot THH 7

T T2 7

Appendix NC - Fan Motor Efficiencies




2005 Nonresidential ACM Manual, Express Terms, 15-Day Language Page NC-18

Appendix NC - Fan Motor Efficiencies




2005 Nonresidential ACM Manual, Express Terms, 15-Day Language Page NC-19

Appendix NC - Fan Motor Efficiencies




2005 Nonresidential ACM Manual, Express Terms, 15-Day Language Page NC-20

DB Dry Bulb-temperature{°F)

WB—— Wet Bulb-temperature{°F)

P Pressure (psia)

MIN Min DailvDrvBulb. T °F)

MAX Maxd Dailv Dev Bulls T °F)
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2627

2865 (106 [67 |104 |65 |97 62 |39 |44
700 |103 |70 |96 68 |90 66 |20 |27
483 [400 |74+ |96 70 [99 68 |25 |30
S0 91 69 [83 68 |76 66 |18 |30
50 91 69 |86 68 |84 66 |17 |35
6500 |87 62 (84 61 |80 59 [32 |4
4200 |99 68 (94 67 |88 66 [34 |32 4920
85 93 67 (99 66 (84 64 |23 |28
458 |99 69 |92 68 |85 67 |26 |32

500 [94 |67 |88 |66 |83 |63 [30 |27
475 (400 |69 |96 [68 |91 |67 [30 |34
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4020 |42362 (460 |400 |69 [956 |67 |90 [65 |39 [24 [3424
3720 |42490 ([3470 |95 |62 [90 |60 |85 [69 |20 [20 [4468
3279 |HMe77 (4735199 |69 [96 |68 |94 |67 |35 |27
415 |420.556 (4400 |99 |62 [96 |64 |94 [89 |43 [-40 [6895
3740 42483 [70 |95 [68 |90 |66 |84 |64 |22 |28

3790 422092 (440 402 |69 [97 |68 |92 [66 |30 [23
3790 42225 (40 |88 |65 [83 |64 |# [62 |46 |30

4420 420095 [4195 |96 |64 [92 |60 |88 |89 |43 |-F

3340 |H832 [256 |83 |64 [75 |62 |69 [60 |H+ [37 [2204
3540 |419.056 [475 |406 |7+ (402 |70 |98 |68 |34 |26 [2185

3520 |H640 (940 |H5 (/3 |H2 |72 |468 |70 |29 |23

3890 |42407 [4202 |403 |69 [400 |67 |96 [66 |33 [256 [3089
3409 |H18145 (605 |404 |70 [9F |69 |94 [e8 |36 [34

365 |1148:83 [4708 |405 |69 [404 |68 |97 [e6 |30 [256 |2703
355 |42070 (837 |94 |66 [89 |67 |84 [65 |42 |25
375 |42223 [80 |90 (66 |84 |64 |¥8 |62 |27 |23
3709 |41950 [2140 |402 |69 [98 |67 |95 |64 |36 |24 [3313

14
16
9
12
3
6
10
9
16
4
14

14

9
1

12
14
13
14

S
8

13
4
3
13
11
6
16
9

Keom

AlamedaNAS  [Alameda
Almaden AFS | SantaClara
AmericanCanvon | Napa

AvocadoHeights  |[Los-Angeles

2656

394 (400 [69 |96 [69 |90 |68 [32 |34

3390 |116.88 [2340 |404 |69 ([400 |68 |96 [67 |34 |20
100 [88 |65 |82 |64 |76 |62 [44 |34

4720 [400 |67 |97 [66 |93 |64 [26 [26
3490 |HM703 [2462 |407 |69 [404 |69 |400 [67 |35 [46 |2580
3900 |42443 [H3 |405 |74 (402 |70 |97 |68 |34 |25 ([2835
3390 |41697 [2605 |103 [68 [99 |67 |95 |66 |38 |22 (2628

3270 |H667 (4623 |403 |69 [97 |68 |92 [67 |35 |22

15
10
14
5

11
10

Appendix NC - Fan Motor Efficiencies

Bavwood-Los Osos | San-Luis Obispo




Page NC-25

2005 Nonresidential ACM Manual, Express Terms, 15-Day Language

I ERRREEEENREE DR L IEERENERNEE
P EREEEEEEEEPEEEREEEE R EREEEEEPEEEEEEEEEEEEREEEEEEEEM
T EREEEEEEEEEREEEREEEEE %%%%%%@@%%MM%%%%%%QA%QQ%%%%%
T EEREEREEEEER EEEEEEEEREER EEEEEEEEEEEEEEEEEEEEEEEEE
P EEEEEEEE EREEEEEEEEREREEEEEEEEEEEEEEEEEREEEEEEEEREE
SEEREEEEEEEEEEEEREEE R EEREEEEEREEEEREEEEEEEEEEEREE
SEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEE
W SEEEEEEEEEEEEEREREEERREEREEEEEREEEREEEEEEEEEEREEEE
S EEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEE
: sEREEEREEEEFEEREE EEEEHIEEEEEEEBEEEEEEEEEEEEEEEEEEEE
M EEE EEEE EBEPEEEEEEMEDEEE BEREGEEEEEE EEEE CEEECRE
W o] co| o] o] cof | of o] o] 2| 2 | | 2 2| 2| 22 e |2 |2 2| 2| D o] | o] X 2] o] Y 2| | H o] ] o] 0] | | D vs] 0] o] | 2] F| 2
mwi j wmmm is mmmiw

Appendix NC - Fan Motor Efficiencies




Page NC-26

2005 Nonresidential ACM Manual, Express Terms, 15-Day Language

IEICNEENE IIIEE EANIENEERNE
rEEEREEEEEREEREEEEEEEEEEE R EEEEREREEE R EEE EEEEEREREEEREE
REEEEEEEEREEREEEEEEEEEEEREEEEEEEEEREEEEEEREEEREEE
EEEEEEEEEEEEEEEEEREEE R EE R EEEEEEEEEEEEEEEEEEEREEEE
T EEEEEEEEEEEEEEEEEEEE EEEEEEEEEEEEEEEEEEEEEEEEEEEEE
rERERENEEREEEEEEEEREEEEEEEREEEEEEEEEEREEEEEEEEEEEEE
S EREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

W SEREEEEEEEEEEEEEEEEEEEEEENEEEEEEEEEEEEEEEREEEEEEEER

CEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

: sEEEEEEEEEEEEBEEEEEEEEEEEEEEEEEEEEEEE EREEEBEEEEEEE

M B CEEEEEMAEEEEEFREEEREERFEEREAECEFMENFEERNEE

m o 4 2| < <] 3| o 2| 2 2 | o] ] o] o] | 0| o 2| H o] o] 2 | 2| 2| | H o] o | 2| 0| 2] F| | 2| 2 2| | H | H Y | | 2
L e

Appendix NC - Fan Motor Efficiencies




Page NC-27

2005 Nonresidential ACM Manual, Express Terms, 15-Day Language

cEIEREEEREEE I ERE ALt R DEREEERE ARE iE
CEREEEEEEREEEEEEEEEEEEEEEEEEEEREEEREEEEEEREEREEEEEE:
T EEEEREEEEEEREEEEEEEEEREEEEEREEEEEEEEEEEEEREEEREEER
SEEEEREEEEEEEEEEEEEEREEEEEEEEEREEEREEEEEEEEEEEEREE
CEEEEEEEEEEEEREEEEEEEEEEEEEEEEREEEEREEEEEEEEEEEEEE
SHEEREEEEREEREEEEEEEEEEEEEEREEEEREEEEREEEEEREEEEEEEE
S EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
W rEEEREEEEREEEEEEREEREEEEEEEEEEEEEREEEEEREEEREEEEEE
EEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEREEEEEEEEEEEEEE
: sEEEEEREEEEEEEEEEEEEREE EEEE EEEEEEEREE EEEEEEEEERERE
M B EEEPEEEE EEEECEEEPEEEREEREEEEEREEEEREEAREEEEE
W 9] 2| | 2| 2 o | U 2| | 2| | ] 0| u] | o] 8] | | H | D | co] | | re] co| F| o] o] | | H| 3| 2] 9| | 2] SEEEER
E W W W EEL M W

Appendix NC - Fan Motor Efficiencies




Page NC-28

2005 Nonresidential ACM Manual, Express Terms, 15-Day Language

g |2 SIIRERLE CHEREEINREE NN ERE
SRR RN EE R EEEEEEEEEEEREEEEEPEEEEEEEEEEREEEEEREEREEEEE
R REEEEEEREEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEREE
rEEEEEEEEEEEREEEEEEEEER R EEEEEEEEEEEEEEREEEEEEEEEEEER
rEREEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEE
rREEREEEEEEEEEEEEEEEEREEEEEEEEEEEEEEREEEEEREEEEERREE
CEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
W 3| 8| | 2| 2l 8| | 2| 2l 2| 2| 2| 8| 2l 2| 2| 2| 2| 2l 1] %] 8l 2| 2l 1] 9| 2| 2| 8 2| 2| 2| 2| 8] 1] B 7| 2] B | | 2| | B | | B | 2
P EEEEEBEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEE
: ELEEEBEEREEEEEEEEEEEEREEEREEEEEEREE EEEEEEEEEEEEEE
I e e FERE e EEAEMEEPEREEERF
W ol 2| 9| o| | Y | 3| 2| o 2 o | o] T 2 2 | I 2 3] 2 o] 2 F| ] <] 0| ] o] 0] o] H | & | | | | 2| o] 2| H | | 3] ¢ 2
L b

Appendix NC - Fan Motor Efficiencies




Page NC-29

2005 Nonresidential ACM Manual, Express Terms, 15-Day Language

HBEEEEEEE ik 2 | Bk
rEEREEEEREEEEPEREEEEEEEREREEEEEREREEEEEEEEPEEEEEEE
g%%mm%%%%@Q%%M%%mﬂgwigM@%%%gwgm%%%%%%%%%g%%%%%%%%@
PEEEEBEEEEBEREEEEEEEEEEEEEEEEEEEEEEREREEEREEEEEERER
N EEEEE EEEEREEEEEEEREEEEEEEEEEEEREEEEEEEEEEEEEEEEER
rEREEEEEREEEEREEEEEEEEREEEEEEEEEEEEEEEREEEEEEEEEREE
CEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

W T EEEEREEEEEEEEEEEEREEEEREEEEEEEEEEEEEEREEEEEEEREEE
REEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEERE
: S EEEEEEEEEEE EREEEEEEEEEEEEEPEEEEEEEEEEEEEEEEEEEEEE
m e EEPEEEEEEEEEEEEEEEREER EEEERPEEEEEEEEEE
W 2| €| cof | ¥ 2| A 2| o] 2] | Dl | o] o] | o] ] o] o] | Dl cof H ] o] 0| T H 2| H| | 2| 5| | 2| 2] 2| 0| 2| €| T | B <] ] 0
A,

Appendix NC - Fan Motor Efficiencies




Page NC-30

2005 Nonresidential ACM Manual, Express Terms, 15-Day Language

mﬁ%g CEERERENE : CIREREEEREREREREREEBLE
SEREEREREEREEEEEEEEEEEREEEREPEERPREEEEREEREEEEEEEREE:

T EEEEEEEEEEEEEEEEEEREEEEEEEEEEREREEEEEEEEEEEREEREER:
REEEEREEEREEEEEEEEEREEEEEEREEREREEEREEEEEEEEEEEER

S EEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEE

SRR EEEEEEREEEREEEBEREEEEEEEREEEEREREREEEREEEEEEREE

P EREEEEEEEEEE EEEEEEEEEEEEEEREEEEEEEENEEEEEEEEEEEEE

W SEEERREEEREEEEEEREEEREEEEEREEEEEEEEEEREEEREEEEEEREE
CEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

: :EEPREEREEEEEEEEEEEEEF EEEEEREEEEEREE EEREEEEE EEEERE
M LEEEE £ e EEEPERE LR CREEEE EEEE CEEr EEEEEEEPEDE
W EEPEEEFPERREE PP EEEEFE PP E PP E P EENEEEFEEEPPEREREEE
wwm i W Www M Mm i 1l

% MWW M M W w. W%M mmwmmmww ww ww

Appendix NC - Fan Motor Efficiencies




Page NC-31

2005 Nonresidential ACM Manual, Express Terms, 15-Day Language

6447

3

207 (404 |73 |404 [#A |97 |69 [36 [24
400 [400 |69 |94 ([e8 |87 |67 [27 [30

400 [H6 |74 |2 |73 |408 |72 [34 |26
490 (404 |74 |400 [70 |94 |68 [32 |30
100 [94 |67 |84 |67 |¥9 |66 [14 |37
500 (96 |67 |87 |66 |81 |63 [22 |33
4233 (4056 [70 |46+ [69 |97 |68 [39 |22
2300 (106 [68 |102 |67 |98 |66 [35 |42

4233 |1406 |70 [404 |69 [9F |68 [39 (42

4075 |404 |69 |400 [68 |95 |66 [28 [29
470 |99 |69 |96 [e8 |92 |66 (35 [24
506 (404 |74 |404 [70 |96 |68 [32 [24
22 (403 |71 |98 [69 |93 |67 [35 [24

42 (404 |70 |96 [68 |94 |67 (37 [24
60 (405 |72 |402 |70 |97 |68 [30 |27

677 (400 |68 |94 |67 |8 |66 [33 |23
5 [405 |70 402 |69 |97 |69 [36 |24

41800 |320 (404 |74 |97 [70 |91 |69 [28 |34

422902 |4347 |97 (67 |93 |66 [88 |63 |44 |20 |3728

3609 42008 [508 404 |71 [400 |70 |93 [68 |34 [26 [2480

445 |42408 [25 |79 |62 |74+ |60 |66 |58 |48 |26 (4509
3279 |H1702 [530 |94 |70 [88 |69 |84 |67 |23 |34 [4567
3390 |41800 [H5 |99 |70 [94 |69 |85 |68 |26 |34
3390 |44800 [#5 |98 |69 [92 |68 |85 |67 |25 |34

3779 |120.57 (345 |403 |70 [99 |68 |94 (67 |37 |49
3420 |11800 (1565 |98 |69 [94 |68 |87 [66 |33 [34
3390 |11800 (305 |400 |69 [94 |68 |87 [&F |27 |39

3620 |42413 [320 |94 |67 [90 |65 |85 |64 |36 |20 [2639
3420 |44800 [4365 |99 |69 [95 |68 |88 &6 |30 |32

3409 |11800 (4235|404 |69 [97 |68 |94 [67 |34 |29
3790 |42213 [535 |400 |69 [94 |67 |87 |66 |32 |24
3356 |HM778 [35 |94 |69 [83 |68 |¥6 [66 |18 [30 [2222
342 |H718 [5206 190 |62 [86 |61 |8+ [89 |26 [43 [8310

3929 42063 (5456 |89 |58 [86 |57 |83 [556 |34

3390 |118.00 |45 98 70 |99 68 |[84 66 |22 |33
3529 42000 [500 |406 |72 [402 |74 |98 69 |34 |26
3470 |1148-20 [2340 |106 |68 [402 |67 |98 66 |35 |42
3790 |42250 |20 97 68 [94 66 (84 64 |34 |28
4470 |12462 [4770 |93 59 [89 58 |84 56 |4+ |4
3390 |118.00 |66 92 69 [85 68 |80 66 |16 |37
3720 42025 [256 |404 |70 [96 68 [94 66 |38 |23 |2696
3270 |H720 [437 |96 - |88 69 (84 67 |19 |34
3640 |119.03 [543 |4056 |#2 [402 |70 |98 68 |38 |26 |25843

3279 |MM700 [690 |95 |69 [90 |68 |86 [66 |20 |26

3620 |449.96 [228 |404 |72 |464 |4 |97 |69 |37 |49 |2069

3390 |H775 [+ |92 |69 [85 |68 |80 |66 |16 |37
3620 |19.07 (395 |406 |72 [404 |74 |97 [69 |40 [24 |2634

B

4

12

9
9
7
9

15
12
9

12
16
40

14
16

10
2

10
8

3
14
12
16
8

12
7

2
2

8

13
3

ees

ees

Fresno

La-GCanada-Flintridge | Los-Angeles
LaGCrescenta-  |Los-Angeles
Lok Halable [ Les Apenles

KnightsFerry [ Stanislaus

o Bl Los-Angeles
Laguna Beach Orange
Laguna-Niguel Orange
Lake-Arrowhead San-Bernardino
| Elsi Ri -

LakeLlosAngeles  |Los-Angeles

Lake Spaulding | Nevada

I : Ri -

LemonGrove | SanDiego

L - S ;

165 |403 |#2 [400 |70 [95 |68 [39 [24

3770 |424095 [490 |400 |69 [95 |68 |88 |67 |35 |22 (3042
345 |HM775 (3820 |104 [68 [99 |67 |95 |65 |34 |24

12
14

Appendix NC - Fan Motor Efficiencies

Llano Shawnee  |Los Angeles




Page NC-32

2005 Nonresidential ACM Manual, Express Terms, 15-Day Language

617

5990

257

|22 |2646 |

23

5

2

408 407 |74 |403 [70 |98 |69 (39 [21
483 |93 |67 |85 (64 |+ |63 [25 [28

14 404 |70 |400 [69 |94 |68 [35 [27
20 |79 |63 |74 [e2 |e5 |59 (42 [30

275 (405 |72 |10+ |70 |96 |68 [40 |24

20 (86 |66 |#7 |63 |70 |61 [48 |32
40 [9+ |69 |84 |68 |79 |66 [42 |38

350 (406 |74+ |402 |70 |98 |69 [36 |22
33 [#5 |61 |69 |59 |65 |58 (44 |28
169 (405 |73 |46+ |74 |97 |68 [34 |24
4700 |106 |70 [402 |69 [98 |67 [34 [27

750 |4150 |406 [70 |403 |69 [99 |67 |36 |27

41823 |270 [99 |69 |92 [68 |86 |67 |21 |38 [4245
42087 |420 (400 |70 |96 [68 |88 |67 [42

42087 |407 (404 |70 |97 |68 |89 |67 [42

42007 |268 (406 |72 (404 [70 |96 |68 [40 |24 [2673

42213 |40 |99 (87 |94 |66 [88 |65 |36 |28
H800 |470 |9F¥ [0 |94 |69 [85 |6F |24 |34

3800 |42428 [40 |404 |70 [97 |68 |94 |67 |38 |23 [2859

3659 |HM872 (67435184 |57 |80 |56 |¥8 |54 |26 |4
34

3379 |1M9.00 [66 |95 |69 ([8F |68 |81 [66 |48 |33
3490 42045 [95 |84 |63 |7# |62 |72 [60 |48 [26 |2888
3379 |H823 [256 |99 |7+ [90 |69 |84 [e6 |24 [33 |4606
3370 |H18145 [34 |97 |70 [88 |68 |82 [65 |48 |35
3379 |14805 [30 |98 |74 |89 |69 |83 |68 |23 |32 |4740
3729 42200 [1463 |96 |68 [88 |65 |80 |62 |26 |28
3390 |11840 [97 |94 |67 [84 |67 |79 [e6 |44 [37 [4819

3390 |1800 (88 |98 |70 [90 |69 |83 [67 |24 |32

3720 |42497 (365 |98 |69 (90 |67 |82 [66 |32 [26 |[2744
345 |11695 [2057 |1056 |67 (404 |66 |98 |64 |38 |42

3390 |H1800 (420 |94 |69 [84 |68 |79 [66 |42 |38
3779 42420 (34 402 [70 |97 |68 |91 |67 |37 |24

40-56 |424.57 (5850 |87 |58 [84 |57 |¥9 [556 |34 [-3

3500 |41938 [675 |406 |7+ (402 |70 |98 |68 |29 |25 ([2302
385 |42212 (480 |404 |70 [99 |69 |93 |67 |39 |23

3390 |#1725 [4544 |403 |70 [99 |68 |94 |65 |34 |23 [2089

3920 4214568 [60 |4056 |72 |402 |70 |97 |68 |36 |27 |=2582

3859 42430 [96 |404 |7+ [400 |70 |94 |68 |35 |28
3870 |421440 [86 |405 |7+ [402 |70 |96 |68 |35 |23 [2566

4420 42213 (3300 |96 |63 [93 |62 |87 |60 |42

3790 |42258 [80 |97 |68 [91 |66 |84 [64 |28 [28 [3400
3759 42235 (40 |90 |66 ([82 |63 |74 (64 |24 |30
3740 42400 (456 |94 |68 [8F |65 |¥9 [63 |27 |27

3729 |42057 [453 |403 |7+ [400 |69 |95 |67 |36 |24 [2653
3500 |44702 [2040 |402 |67 [97 |66 |94 |65 |28 |28
4040 |42460 [4944 |90 |60 [87 |59 |82 |57 |38

3359 |H607 [-480 |H6 |#5 [HH4 |#5 |407 [74 |30 [24 |H85
3740 42233 [66 |94 (67 |86 |65 |¥8 |63 |26 |27

16
12

6
5
6
6
4
4
6

14

4
8

6

12
16
10
B

3

11
12

12
16

15
12
16

3
3
4

s

San Bernardino |10

Madera

Napa

LongBeach- AR  [Los-Angeles
Los-Alamitos NAS | Orange
LosAltos Hills | SantaClara
LosAnaeles AP [Los-Angeles

LosAngelesCO  [Los-Angeles

LosBanosRes  [Merced

ManhattanBeach  |Los-Angeles

Manzanitalake | Shasta
MarinadelRevy  [Los-Angeles

McClellanAFB [ Sacramento

MoKi ;

700 (405 [70 404 [69 |96 |66 ([34 |25

Appendix NC - Fan Motor Efficiencies




Page NC-33

2005 Nonresidential ACM Manual, Express Terms, 15-Day Language

IEREEEERERREE CERBEE SEEEHERE & 3
EEEEEEREREEEEEEEEEEREEEEPEEEEEEEEEEEEEEEEEEEEEEEE
A EEEEREEEEEREEEEEEEEEEEEEEEEEEEREEEFEEEEEEEEEEEEER
S EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEE
EEEEEEEEEEEEREEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEE
tEEEEEREEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEER
EEEEEEEEEEEEREEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEE
SR EEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEERE
W S EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
: sEEEEEEEEEEEEEEEEEEEREEEEE EEEEREEEE EEEEEEEE EEEEEEDR
W SBEMEE LR R RN EEEEEECEEEME EEEEE EEEMEREEERAEEL
M FEEEREPEEPPEEPEREEEEREEEEEEEEFEEEEEEEEREEREEREEE
W EPEEREEPEEPPPPREERPEE PFEEEEEFERPFEEPPEPPEEEEREPRE
AR T A
bR

Appendix NC - Fan Motor Efficiencies




Page NC-34

2005 Nonresidential ACM Manual, Express Terms, 15-Day Language

MERIERENEEIINNE EELCANNIERUIEEENIEENE
S REEEEEEEEEEEEE R EEEEEEEEEEEEEEEEEEEEENE EEEREEEEEE
SEEEEEEEEREEEREEEEEEEREEEEEEEEEEEEREEEEENEEEREEEEEERE:
rEREEEEEEEEEEREEEEEREEEEEEREREEREEEEEEEEEEEEEEEEER
S EEREEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEENEEEEEEEEEEE
PEEEEEREEEEEEEEEEEEEEEEEEREEEEEEEEREREEEEEEEEEEREE
S EEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEER EREEEEEEEEEEE
W S EEEENREEEEREEEEREEEEEEEEEEEEEEEEEEEE R EEEREEEEREEE
SEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEENEEEEEEEEEEE
: sEEEEEREEEEEEEEEEREEEEEEEEREEE ER EEEEREREEEEEEEEEEE
; RNEEENENE R EE RN EE NN EE e e MR
IR AR e b EE R EEre EEEr EEMEEEEEREE CEP
W of 1] 2 | 2| 2| of cof 2| H o] | 7 ol 2| | T o] ] o] 0| | |2l 2] 2] H ] <] T 0] | H| 0 2 |2 | < <] Y 2| ] o] 2| ] &
Wil

Appendix NC - Fan Motor Efficiencies




Page NC-35

2005 Nonresidential ACM Manual, Express Terms, 15-Day Language

7111

5763

9

1

260 (86 |66 |83 [65 |79 |62 [20 [26
2428 |1406 |68 |402 [67 |98 |66 [35 [42

248 (17 |74 |3 |73 |409 |72 [33 |26
300 [94 |69 |86 [68 |82 |66 [30 |34
H6 (95 |67 |87 [66 |81 |63 [22 [33

736 (403 |74 |98 [69 |92 |67 [32 [28

42230 |40 |94 [e6 |87 |65 [82 |64 |25 |30

42480 |60 (402 |70 |97 [68 |90 |67 [34 |26

42202 |50 (98 |69 |94 (68 |88 |66 [34 |28

1700 |500 (400 |70 |94 [69 |89 |68 [26 |29

42378 |500 [96 |67 |92 |66 |87 |64 [28 |25

365 |42418 [4307 |98 |68 [94 |67 |89 |64 |45 |20 [2956

3/79 42200 (325 |96 |68 [89 |66 |82 [63 |23 [34

3509 42062 [80 |92 |66 [85 |64 |80 [62 |46 [30 |2756

3890 |423.73 [400 |76 |62 |72 |60 |67 [68 |49 [20 |4747
3459 42067 [76 |75 |64 |7+ |63 |65 [89 |47 [20 [3826
3409 |H942 [44 |88 |68 [81F |67 |#5 [66 |45 [33 [2328
3570 |42428 [89 |73 |60 [6F7 |89 |64+ [57 |40 [36 [3844
3409 |1H4782 (740 |402 |70 |98 |69 |93 |67 |36 |27 |49#

3870 |420.80 [4890 |404 |67 [98 |66 |93 [65 |42 [20 [4086
3870 |420.80 [2755 |400 |66 [9F |66 |92 [64 |42 |23
4040 42288 [2260 |96 |65 [92 |64 |87 (64 |36 |43
3790 42200 [402 |96 |68 [93 |67 |88 |65 |34 |25
3759 |4214.78 [350 |97 |68 [94 |67 |89 |65 |35 |24

3390 |H800 (323 |404 |69 [93 |68 |87 |67 |28 |39

3420 |41900 [43 |88 |68 [81 |67 |75 |66 |45 |33 [2334
3609 |449.02 [393 |406 |7+ (402 |70 |97 |69 |36 |25 [2456

3979 |42047 (4850 |92 |63 [89 |61 |84 [59 |48 [-9

3579 |119.00 (4960 |89 |62 [86 |61 |82 [59 |26

3940 |42343 [4045 |404 |68 [96 |67 |89 [65 |40 [20 |[3276

3620 |420.70 [2300 |97 |66 [93 |65 |88 [63 |34 [43 (4444
3990 42003 [3400 |101 |64 [98 |63 |93 |62 |45

3309 |11682 (1480 |403 |70 [97 |69 |92 [68 |40 |22
3302 |1M706 (500 |96 |69 [94 |68 |8 [67 |26 |29
3859 |42430 (490 404 |72 (400 |69 |94 [68 |35 |26
3370 |HM8AF [2946 |92 (69 |84 |68 |¥8 |66 |14 |38
3529 |41765 [3570 |105 |67 (402 |66 |97 |65 |30 |49 [20922
4020 42225 (342 |407 |70 [404 |69 |98 [66 |31 [24 |2688

4059 |42240 (470 |407 |69 [403 |68 |97 [67 |30 [26 |[2544

375 |42223 [34 |90 |67 |86 |66 |81 |64 |28 |28 |2599

3659 |H970 (344 |404 |74 |46+ |70 |96 |68 |40 |24

3379 |44832 [45 |92 |69 [84 |68 |78 |66 |42 |37
3409 |41700 [4254 |4056 |70 [404 |69 |96 |66 |35 |28

3409 |H7418 (4318 |406 |70 [402 |69 |98 [67 |34 [27 [4993

14

5

12
12
11
12
12

1
5
5
9

B
e

=

2

14
16
10
10
12
15

4
3
6

kT
14
14
14
10

6
3

B

9

Shasta

SanBernardino |10

Placerville lEG ~~ [ElDorade
PomonaGalPoly  |Los-Angeles

Port ChicagoND | ContraCosta
e it I et

PotterVallevPH | Mendocine

PowavVMalley | SanDiego

Ramona-Spaulding | San-Diego
RanchoBernardo San-Diego
Rancho-Cordova Sacramenio
= Mi Ri -
Rancho Santa Orange

RedondoBeach  |[Los-Angeles
Sodheesdl oy | Sealinins

3790 |12160 [656 |88 |65 [84 |64 |7#7 [62 |47 [34 |2684
50 (94 |67 |88 |66 |83 |63 [30 |27
86 (404 |72 |400 |70 |94 |68 [32 |28
614 [402 |70 |97 |68 |91 |67 [3F |23
433 (492 |73 |99 (70 |95 |68 (36 (25

3559 |H780 (2340 |H10 |70 [406 |68 |402 [66 |35 |15

14
12
12
12

3

Appendix NC - Fan Motor Efficiencies




Page NC-36

2005 Nonresidential ACM Manual, Express Terms, 15-Day Language

23 BEEREE SEINEREEEEREE RN R EEE
S EEEREEREEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEER:
CEEREEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEERE
T EEREEEEEEEEEEEEEREREEEEEEEREEEREEEEEEEEEEEEEREEEERE
S EEEEEEEEEEEEEEEEEEEEEEEEEREEEEEREEEEEREEEEEREEEEE
S EREEEEEEEEEEREEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEER
CEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREE
W rEREEEEEEREEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEERE
CEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
: EECEEEEEEEEEEEEEEPEEEEEEEEEEEEEPEEEE AR P EEEEEEEEEE
I P P e e e e FME R FEEERFEEEREEEEED
W m._wmﬁmﬁg (0] Q_Qﬁmﬂﬁ memﬂ"_?:ﬂ.._ 3%%2%4%33 N- 93393mﬁ4 5@93 362@._
T A

Appendix NC - Fan Motor Efficiencies




Page NC-37

2005 Nonresidential ACM Manual, Express Terms, 15-Day Language

5789

8

90 |69 [83 [67 |77 |66 |20 |20 [2487
91 |69 [84 (67 |78 |66 |22 |33 [1994

364 [405 |72 |404 [70 |96 |68 ([37 [24

4300 (403 |74+ |98 |70 |93 |68 [36 |30

280 [99 |69 |90 [68 |84 |67 [24 |34

263 [404 [7+ |94 |70 |8F |68 [28 |28 2030
400 (96 |69 |94 |68 |87 |67 [20 |25
500 [96 |67 |88 |66 |80 |65 [34 |27
10 [85 |66 |80 |66 |F3 |63 [42 |30
2160 [100 [66 |95 |65 (88 |62 [38 |44 4102
400 |94 |68 |88 [66 |81 |64 ([28 [27
7 (85 |66 |9 |64 |73 |62 [20 |30
402 [99 |69 |96 [68 |92 |66 [35 |24
4076 |105 |69 |404 [68 |95 |67 (27 [20 2043

305 (404 |73 |46+ |74 |97 |68 [38 |24
818 [403 |7+ |98 [69 |92 |67 [32 |28

657 (403 |74+ |98 |69 |92 |67 [28 |29
H153 (402 |69 |96 (68 |90 |67 [27 |32

400 [99 |70 |90 |69 |84 |66 [49 |35
500 [98 |70 |93 |68 |87 |66 [30 |28
45 |87 |68 |83 [e7 |+ |65 [10 [35
200 (90 |67 |87 [65 |82 |64 ([23 [24
70 [404 [70 |96 |69 |90 |67 |40 |22 2998

S50 (94 |67 |88 |66 |81 |63 [24 |27
270 (404 |72 |97 |70 |94 |68 [28 |34

420 (97 |70 |90 [69 |84 |e7 (24 [32
400 (94 |69 |83 [68 |#8 |66 [48 [30

6200 |85 |56 |82 [55 |# |54 [33 [-2

174 (406 |71 |104 |70 |98 |69 [3F7 |25

12202 |425 [94 [68 ([88 [66 [81 [64 (28 |27 |3436

+1850 |45 |85 (67 |8 |66 [72 |64 |45 |39 |4873

42407 |H10 |80 (81 |73 |60 [68 |57 |45 |34

42038 |17490 [403 |68 [400 [67 |96 |66 [34 |20 [35837

3379 |H1783 [H5 |98 |70 [94 |68 |84 |67 |26 |33 [4430
3740 |42403 [88 |90 |67 (87 |65 |82 |83 |30 |20 |[2566

3440 |119.83 |9

3479 |H873 (4547 |96 |63 |94 |64 |87 |89 |32 |47 |4427
3440 |119.68 |5

3490 42045 [236 |90 |66 [83 |64 |78 |61 |23 |25 ([30583

385 |42282 [1467 |99 |69 [96 |68 |92 [66 |35 [24 [2080
4056  |42437 (439 |78 |61 [74 |60 |69 [68 |49 [28 [3954
3379 |1808 [24 |94 |69 [8 |68 |80 [65 |45 [35 [4519
355 |MOA7 (345 |406 |74 |402 |70 |98 |68 |28 |24 |2485

3959 42037 (4975194 |60 [94+ |59 |86 [57 |44 [-40 |6893

3959 12042 (4230 |96 |62 [93 |61 |89 [59 |43 [42

3/5 |11963 (5420 192 |64 [88 |60 |84 |59 |36

16

6
6
4

9
3

9
S

10
4

16
4=

4
9

e

9
9

s

6

3

9
16

8

Sierra

ube

SantaAnaFS | Orange
SantaBarbara AR [ SantaBarbara
SantaBarbara CO [ SantaBarbara
SentaClaraUniv | SantaClara

SantaFe Springs | Los-Angeles
SantaMaria AP | Santa Barbara

SantaMonica | Los Angeles
Scotts Valley | SantaCruz

Shelter Cove | Humboldt

ShermanOaks  [Los-Angeles

SolanaBeach | SanDiego

South-El-Meonte  [Los-Angeles
South-Entr Yosemite | Tuolumne

Southlaguna | Orange

South-Lake Tahoe [ElDorade

657 [99 |69 |94 |68 |88 |67 [30 |34
10 [87 |67 |81 |64 |72 |62 [20 |32
450 [99 |70 |94 |69 |88 |68 [7¥3 |30
300 [400 [70 |92 |69 |84 |68 [30 |34

59 (405 |69 |404 [69 |96 |68 [36 [24
300 [94 |69 |86 (68 |82 |66 (30 (34

10

3
9

Appendix NC - Fan Motor Efficiencies

South-Pasadena  [Los-Angeles
South-San-Gabriel | Los-Angeles
South-Whittier ~ |Los-Angeles
South-Yuba Gity | Sutter
Sodmemtler | Seabinee




Page NC-38

2005 Nonresidential ACM Manual, Express Terms, 15-Day Language

cHBEEEE *EEE S EINEIREREEEREREEARE NN EE %%7

3| | ol =l | 3| = ] 2l 5 ] | ] | 8 | o] gw%%m#%%g%w%&%%%#@%%%5%%%%%4%%&

R EEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

NEREEEEEEEEEEEEEEEREEEREEEEEEEEEEEEREEEEREEEEEEEEE

SRR EEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

PEEEEEEEEEEEEREEEEREEEEEEREEEEEEEEEEEEEREEEEEEEEEE

EEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

W TEEEEEEEEEEREREEEEREEEEEEEEEEEEEEEEEEEEEEREEREEEEE

S EEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEREERE

: EEEEEEEEREEEEEEE PREEEEEE EEEEPE EEERELE LEE EEEEEEEEE

L ataaaanas 20, BEFFEEEEEEREEREFENEE

W CEREPE R EEPEERPEEEE P EEEREE S PEEEEEEREE 3 2] o] | o
] mm ERLE m WZW AEH m

WMWM ; M M Mww W M MWW :

Appendix NC - Fan Motor Efficiencies




Page NC-39

2005 Nonresidential ACM Manual, Express Terms, 15-Day Language

ciiEERNERERER N SEEE
rEEEREEEEREEEEEEEEREEREEREEREEEEEEEEEEEEEEEEREREEE
EEREEEREEEEEEREEEEEEEEEEEREEEEEREEEEREEEEEEREEEERE
rEEEEEREEEEE R EEEEREEEEEEEEEEEEEEREEEREEEEEEEEEEREE
EEEEEEEEEEEEEEEEEEE EEEEEEEEEEEEREEEEEEEEEEEEEEEEE
rEEEREEEEEEREEEEEEEEEEEEEEEEREEEEEEEEEREEEEEEEEEEEE
EEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
W rEEREEEEEEEEEREREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
S EEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEE
: AEEEEEE PEEEEE EEEEEREEEEEEEEEEEREEREEEGEEEEEELERE BE:
W ; : : 1
M EE EEER EEEEERRAN CEEEER
W 3%2 W_WMHQSV MMM N Mﬁﬂmoemﬁ 3%%868 o Ob| | od ‘n.w‘.e_mﬁr_.ocoeot
Ll L A

Appendix NC - Fan Motor Efficiencies




2005 Nonresidential ACM Manual, Express Terms, 15-Day Language Page NC-40

e-Zone e tion er

Medi

Dry (% |Dry |% |Dry |Wet |door |Extr

Bulb |Wet |Bulb [Wet |Bulb [Bulb | Dail [eme

Bulb Bulb ¥ s

s
ae

Lotlen Colusa e =20k 140 1404 |74 1100 [70 |94 68 |36 |22 2836
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Appendix ND - Compliance Procedures for
Relocatable Public School Buildings

ND.1 Purpose and Scope

This document describes the compliance procedures that shall be followed when the whole
building performance approach is used for relocatable public school buildings. Relocatable public
school buildings are constructed (manufactured) at a central location and could be shipped and
installed in any California climate zone. Furthermore, once they arrive at the school site, they
could be positioned so that the windows face in any direction. The portable nature of relocatable
classrooms requires that a special procedure be followed for showing compliance when the whole
building performance method is used. Compliance documentation for relocatable public school
buildings will be reviewed by the Division of the State Architect.

ND.2 The Plan Check Process

The Division of the State Architect (DSA) is the building department for relocatable public school
buildings. Since relocatables are manufactured in batches, like cars or other manufactured
products, the plan check and approval process occurs in two phases. The first phase is when the
relocatable manufacturer completes design of a model or modifies a model. At this point,
complete plans and specifications are submitted to the DSA; DSA reviews the plans for
compliance with the energy standards and other California Building Code (CBC) requirements;
and a “pre-check” (PC) design approval is granted. Once the PC design is approved, a school
district or the manufacturer may file an “over-the-counter” application with DSA to construct one
or more relocatables . The over-the-counter application is intended to be reviewed quickly, since
the PC design has already been pre-checked. The over-the-counter application is the building
permit application for construction and installation of a relocatable at a specific site, and includes
the approved PC design drawings as well as site development plans for the proposed site where
the relocatable will be installed. An over-the-counter application also is required for the
construction of a stockpile of one or more relocatables based on the approved PC design
drawings. Stockpiled relocatables are stored typically at the manufacturer’s yard until the actual
school site is determined where the relocatable will be installed. Another over-the-counter
application is required to install a previously stockpiled relocatable at which time site development
plans for the proposed site are checked.

The effective date for all buildings subject to the energy standards is the date of permit
application. If a building permit application is submitted on or after the effective date, then the new
enerqy standards apply. For relocatable classrooms, the date of the permit application is the date
of the over-the-counter application, not the date of the application for PC design approval. The
PC design is only valid until the code changes.

ND.3 The Compliance Process

Like other nonresidential buildings, the standard design for relocatable public school buildings is
defined by the prescriptive requirements. In the case of relocatables, there are two choices of
prescriptive criteria:

e Table 143-C in the Standards may be used for relocatable school buildings that can be
installed in any climate zone in the state. In this case, the compliance is demonstrated in
climates 14, 15, and 16 and this is accepted as evidence that the classroom will comply in all
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climate zones. These relocatables will have a permanent label that allows it to be used
anywhere in the state.

e Table 143-A in the Standards may be used for relocatable school buildings that are to be
installed in only specific climate zones. In this case, compliance is demonstrated in each
climate zone for which the relocatable has been designed to comply. These relocatables will
have a permanent label that identifies in which climate zones it may be installed. It is not
lawful to install the relocatable in other climate zones.

The building envelope of the standard design has the same geometry as the proposed design,
including window area and position of windows on the exterior walls, and meets the prescriptive
requirements specified in §143. Lighting power for the standard design meets the prescriptive
requirements specified in §146. The HVAC system for the standard design meets the prescriptive
requirements specified in §144. The system typically installed in relocatables is a single-zone
packaged heat pump or furnace. Most relocatable school buildings do not have water heating
systems, so this component is neutral in the analysis. Other modeling assumptions such as
equipment loads, are the same for both the proposed design and the standard design and are
specified in the Nonresidential ACM Manual.

Manufacturers shall certify compliance with the standards and all compliance documentation shall
be provided. If the manufacturer chooses to comply using Table 143-A for compliance in only
specific climate zones, then the manufacturers shall indicate the climates zones for which the
classroom will be allowed to be located.

Since relocatable public school buildings could be positioned in any orientation, it is necessary to
perform compliance calculations for multiple orientations. Each model with the same proposed
design enerqgy features shall be rotated through 12 different orientations either in climate zones
14, 15 and 16 for relocatables showing statewide compliance or in the specific climate zones that
the manufacturer proposes for the relocatable to be allowed to be installed, i.e., the building with
the same proposed design enerqgy features is rotated in 30 degree increments and shall comply in
each case. Approved compliance programs shall automate the rotation of the building and
reporting of the compliance results to insure it is done correctly and uniformly and to avoid
unnecessary documentation.

ND.4 Documentation

The program shall present the results of the compliance calculations in a format similar to Table
ND-15. For each of the cases (12 orientations times number of climates), the Time Dependent
Valuation (TDV) energy for the Standard Design and the Proposed Design are shown (the energy
features of the Proposed Design shall be the same for all orientations). The final column shows
the compliance margin, which is the difference between the TDV enerqy for the Proposed Design
and the Standard Design. Approved compliance programs shall scan the data presented in the
Table ND-15 format and prominently highlight the case that has the smallest compliance margin.
Complete compliance documentation shall be submitted for the building and energy features that
achieve compliance in all of the climate zones and orientations as represented by the case with
the smallest margin. DSA may require that compliance documentation for other cases also be
submitted; showing that the Proposed Design building and energy features are identical to the
case submitted, in each orientation and climate zone. Table ND-15 shows rows for climate zones
14, 15, and 16, which are the ones used when the criteria of Table 143-C is used to show
compliance throughout the state. If the criteria of Table 143-A is used, then rows shall be added
to the table for each climate zone for which the manufacturer wants the relocatable to be allowed
to be installed.
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Table ND-15 — Summary of Compliance Calculations Needed for Relocatable Classrooms
TDV Energy

Climate Zone Azimuth Proposed Design Standard Design Compliance Margin
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ND.5 Optional Features

Relocatable classrooms may come with a variety of optional features, like cars. A school district
can buy the “basic model” or it can pay for options. Many of the optional features do not affect
energy efficiency and are not significant from the perspective of energy code compliance.
Examples include floor finishes (various grades of carpet or tiles), casework, and ceiling and wall
finishes. Other optional features do affect energy performance such as window construction,
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insulation, lighting systems, lighting controls, HYAC ductwork, HVAC equipment, and HVAC
controls.

When a manufacturer offers a relocatable classroom model with a variety of options, it is
necessary to identify those options that affect energy performance and to show that the model
complies with any combination of the optional features. Most of the time, optional energy features
are upgrades that clearly improve performance. If the basic model complies with the Standards,
then adding any or all of the optional features would improve performance. The following are
examples of optional features that are clear upgrades in terms of energy performance:

e HVAC equipment that has both a higher SEER and higher EER than the equipment in the
basic model.

e Lighting systems that result in less power than the basic model.

e Lighting controls, such as occupancy sensors, that are recognized by the standards and for
which power adjustment factors in Table 146-B are published in §146 of the Standards.

e Windows that have both a lower SHGC and lower U-factor (limited to relocatables that do not
take credit for daylighting).

e \Wall, roof or floor construction options that result in a lower U-factor than the basic model.

For energy code compliance purposes, it is necessary to show that every variation of the
relocatable classroom that is offered to customers will comply with the Standards. There are two
approaches for achieving this, as defined below:

1) Basic Model Plus Enerqy Upgrades Approach The simplest approach is to show that the
basic model complies with the Standards and that all of the options that are offered to customers
are clear energy upgrades that would only improve performance. As long as each and every
measure in the basic model is met or exceeded by the energy upgrades, the relocatable
classroom will comply with the standards.

While clear upgrades are obvious in most cases, the following are some examples of options that
are not energy upgrades, for which additional analysis would be needed to show compliance that
every combination of options comply.

o HVAC equipment that has a higher SEER, but a lower EER.

e Windows that lower SHGC but increase U-factor, or vice versa.

e Insulation options that reduce the U-factor for say walls, but increase it for the roof.

e Any other combination of measures that results in the performance of anyone measure being
reduced in comparison to a complying basic model.

2) Modeling of Every Combination Approach. A more complex whole building performance
approach is required when a model is available with options which in combination may or may not
comply. In this case every combination of options shall be modeled, and the specific
combinations that comply shall be determined and only those combinations shall be allowed.

This approach, while possible, requires considerably more effort on the part of the relocatable
manufacturer and its energy consultant. It also places a greater burden on DSA when they issue
the over-the-counter building permit for the PC design that only allows specific combinations of
energy options.. DSA would have to examine the specific optional features that are proposed with
the over-the-counter application and make sure that the proposed combination of measures
achieves compliance.

The manufacturer or its energy consultant would need to prepare a table or chart that shows all of
the acceptable combinations that achieve compliance. This chart could be quite complex,
depending on the number of optional features that are offered.

Table ND-16 is intended to illustrate the complexity that could be involved in modeling of every
combination of energy features. It shows a list of typical optional features that would affect
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enerqy performance. In this example, there are two possible for each of the eight options, e.g the
feature is either there or not (in an actual case there could be a different number of options and a
different number of states for any option). In the example any one of the features could be
combined with any of the others. The number of possible combinations in this example is two (the
number of states) to the eighth power (the number of measures that have two states). The
number of possible options is then 2% or 256. This is the number of combinations that would need
to be modeled in order to determine which combinations of optional features achieves

compliance.

Table ND-16 — Examples of Optional Features for Relocatable Classrooms
Options Offered States

1 Efficient lighting option Yes/N
[}

2 High efficiency heat pump Yes/N
o

3 Improved wall insulation Yes/N
o

4 Improved roof insulation Yes/N
o

5 Occupancy sensor for Yes/N
lighting o

6 Low-e windows Yes/N
[}

7 Skylights Yes/N
[}

8 Daylighting Controls Yes/N

[o]
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ACM NF-2005

Appendix NF- - Technical Databases for Test Runs

Table NF-1 — ACM MATERIAL LIBRARY

Table NF-2 — ACM LAYERS LIBRARY

Table NF-3 — ACM CONSTRUCTION LIBRARY

Table NF-4 — ACM VAV BOX LIBRARY

Table NF-5 — ACM PIU EQUIPMENT LIBRARY

Table NF-6 — ACM SMALL PACKAGE SPLIT AIR CONDITIONER
Table NF-7 — ACM LARGE PACKAGE SPLIT AIR CONDITIONER LIBRARY
Table NF-8 — ACM FAN COIL EQUIPMENT LIBRARY

Table NF-9 — ACM HEAT ONLY LIBRARY

Table NF-10 — ACM HEAT PUMP EQUIPMENT LIBRARY

Table NF-11 — ACM WATER LOOP EQUIPMENT LIBRARY

Table NF-12 — ACM EVAPORATIVE EQUIPMENT LIBRARY

Table NF-13 — ACM SYSTEM EQUIPMENT LIBRARY

Table NF-14 — ACM ELECTRICAL CHILLER LIBRARY

Table NF-15 — ACM ABSORPTION CHILLER LIBRARY

Table NF-16 — ACM TOWER LIBRARY

Table NF-17 — ACM BOILER LIBRARY

Table NF-18 — ACM VAV BOX SELECTED

Table NF-19 — ACM PACKAGE UNITS SELECTED

Table NF-20 — ACM WATER LOOP HEAT PUMP SELECTED

Table NF-21 — ACM EVAPORATIVE COOLING EQUIPMENT SELECTED
Table NF-22 — FAN COIL UNITS SELECTED

Table NF-23 — ACM HEAT PUMP EQUIPMENT SELECTED

Table NF-24 — ACM SYSTEM EQUIPMENT SELECTED

Table NF-25 — ACM CENTRAL COOLING EQUIPMENT SELECTED
Table NF-26 — ACM BOILER SELECTION
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Table NF-1— ACM MATERIAL LIBRARY

NAME THICKNESS CONDUCT. DENSITY SP-HEAT R-VALUE
(feet)

2X4 0.2917 0.0842 35.00 0.39

2X6 0.4583 0.0842 35.00 0.39

AIRWALL-MAT 1.00
CARPET2 2.00
CEL-2.5 0.2083 0.0333 5.00 0.32

EARTH 1.0000 0.5000 85.00 0.20

ISO-3.0 0.2500 0.0142 1.50 0.38

PERIM 1.3330 0.9300 82.00 0.22

R1.60 1.60
R1.95 1.95
R10-RIGID-INS 0.1667 0.0167 14.00 0.17

R11-INS 0.2917 0.0265 0.60 0.20

R13-INS 0.2917 0.0224 0.60 0.20

R19-INS 0.5035 0.0265 0.60 0.20

R30-INS 0.7500 0.0265 0.60 0.20

R4-RIGID-INS 0.0833 0.0218 14.00 0.17

R4.76 4.76
R5.93 5.93
R7-RIGID-INS 0.0833 0.0119 14.00 0.17

SC2A 0.0729 0.4288 166.00 0.20
SPANDREL-R10-MAT 1.0000 0.0100 25.00 0.20
SPANDREL-R15-MAT 1.0000 0.0667 30.00 0.20

W2A-R11 0.2917 0.0265 550 013

W2B-R13 e 0000 e 013

e Loece Coooer 5.50 013

W2Db-R21 Losce Lo 5.50 013

LA AT e Lo0En 168.00 0.20

IR AT e LoE0s 168-00 020

WAA-MAT cLoon 0022 162.00 020

WAB-MAT LLoon CoroEr 162.00 020

WAC-MAT 0-5000 0-3030 162.00 0-20

WAD-MAT 0-5000 02594 162.00 0-20

WD4C 02947 0-0667 32:00 033

WDeGC 04583 0.0667 32:00 033

WHGC2.4U084-MAT 1.0000 0.0905 12.00 020
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NAME THICKNESS CONDUCT. DENSITY SP-HEAT R-VALUE
(feet)
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Table NF-2 — ACM LAYERS LIBRARY

Name Mat[1] Mat[2] Mat[3] Mat[4] Mat[5] I-F-R
AIRWALL-LAY AIRWALL-MAT 0.68
CONC-SPANDEL-LAY cCc22 W1B-R13 GP02 0.68
DEMISING-LAY GPO1 W1A-R11 GPO1 0.68
DOORC-LAY ASO1 WD11 ASO1 0.68
FLR-CONC-CAV-LAY CEL-25 CCo3 CPO1 0.92
FLR-CONC-RAK-LAY CEL-2.5 CCo5 CPO1 0.92
EX02X6-FRM-LAY 2%8 PWO4 CARPET2 0.92
EX02X6-INS-LAY PWO4 CARPET2 0.92
EX412X6-FRM-LAY 2%8 PWo04 CARPET2 0.92
EX112X6-INS-LAY W2A-R11 PWO4 CARPET2 0.92
EX432X6-FRM-LAY 2%6 PWO4 CARPET2 0.92
EX432X6-INS-LAY W2B-R13 PWO4 CARPET2 0.92
INTWALL-LAY GPO3 GPO3 GPO03 0.68
RF-INTERIOR-LAY CCo4 CPO1 0.61
RF-ISO3.0-LAY BRO1 ISO-3.0 PW04 0.61
RE4B-NR-LAY BRO1 PWO4 AL23 W2A-R14 GPO1 0.61
RE1B-NRF-LAY BRO1 PWO4 2%6 GPO4 0.64
RE4C-NR-LAY BRO1 PWO4 W2CR18  GPO4 064
RE1C-NRF-LAY BRO% PWo04 WDsC GPO1 064
RE1D-NR-LAY BRO% R7-RIGID-INS PWo04 W2CR18  GPO4 0.64
RE1D-NRF-LAY BRO% R7-RIGID-INS PWO4 2X6 GPO1 064
RHG1.42U057-LAY HC1.42U057-MAT 061
RHGC1.42U078-LAY HC1.42U078-MAT 061
RHCBUO57-LAY RHCBUOS7Z-MAT 061
RHCEUO78-LAY RHCBUO78-MAT 064
ROOFI-F-LAY cC32 PWO05 WDO05 WDO05 0.61
ROOFI-LAY cC32 PW05 0.61
SLAB-LAY EARTH ccl4 0.92
SLABC-LAY EARTH ccl4 CPO1 0.92
SLABP-LAY EARTH cc14 CPO1 0.92
SPANDREL-R10-LAY SPANDREL-R10-MAT 0.68
SPANDREL-R15-LAY SPANDREL-R15-MAT 0.61
WAALAY SC2A PWO3 WAARYL  GPO2 0.68
WAB-LAY SC2A PWO3 W1B-R13  GPO2 0.68
WAD-LAY SC2A IN33 PWO3 WiD-R1Z  GPO4 0.68
W2A-FRM-LAY PWO3 BPO1 WD04 GPO1 0.68
W2A-INS-LAY PWO3 BPO1 W2AR11  GPO% 0.68
W2B-FRM-LAY PWO3 BPO1 WD04 GPO4 068
W2B-INS-LAY PWO3 BPO1 W2B-R13  GPOt 068
W2D-FRM-LAY PWO3 BPO1 WDsC GPO4 068
W2D-INS-LAY PWO3 BPO1 W2D-R21  GPOY 0.68
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Name Mat[1] Mat[2] Mat[3] Mat[4] Mat[5] I-F-R
WBA-LAY W3A-MAT 0.68
W3B-LAY W3B-MAT 0.68
WAA-LAY WAA-MAT 068
WAB-LAY WAB-MAT 068
WAGC-LAY WAGC-MAT 068
WAD-LAY WAD-MAT 0.68
WHGC2 4U084-LAY WHG2.4U084-MAT 0.68
WHGC2 4U092-LAY WHG2.4U092-MAT 0.68
WHC5U084-LAY WHC5U084-MAT 0.68
WHC5U092-LAY WHC5UQ92-MAT 0.68
WIZ-LAY GP02 W1A-R11 GP02 0.68
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Table NF-3— ACM CONSTRUCTION LIBRARY

Construction Layers ABS RO
AIRWALL AIRWALL-LAY 0.7

CONC-SPANDEL CONC-SPANDEL-LAY 0.7

DEMISING DEMISING-LAY 0.7

DOORC DOORC-LAY 0.7

FHC19U097 FHC19U097-LAY 07

FHC19U158 FHC19U158-LAY 07

FHC9.67U097 FHCQ.67U097-LAY o7

FHCY.67U158 FHCQ.67U158-LAY 07

FLR-CONC-CAV FLR-CONC-CAV-LAY 0.7

FLR-CONC-RAK FLR-CONC-RAK-LAY 0.7

3

3

3

3

3

3

3

3

3

3
EX02x6-FRM EX02X6-FRM-LAY o+ 3
EX02X6-INS EXO2X6-INS-EAY o+ 3
EXH2X6-FRM EXH2X6-FRM-LAY o+ 3
FX112X6-INS FX112X6-INS-LAY 0.7 3
FX132X6-FRM FX132X6-FRM-LAY 0.7 3
FX132X6-INS FX132X6-INS-LAY 0.7 3
INTWALL INTWALL-LAY 0.7 3
RF-INTERIOR RF-INTERIOR-LAY 0.7 3
RF-1S03.0 RF-1ISO3.0-LAY 0.7 3
PRl REAB-NR-LAY o7 3
R REAB-NRE-LAY o7 3
REIC-NR REAC-NR-LAY o7 3
REIC-NRE REIC-NRE-LAY o+ 3
REHB-NR READ-NR-EAY o+ 3
REHD-NRE READ-NRE-LAY o+ 3
RHC1.42U057 RHC1.42U057-LAY 0.7 3
RHC1.42U078 RHC1.42U078-LAY 0.7 3
RHCBUO57 RHCBUOS7-LAY 0.4 3
RHCBUO78 RHCBUO78-LAY 04 3
ROOFI ROOFI-LAY 0.7 3
ROOFI-F ROOFI-F-LAY 0.7 3
SLAB SLAB-LAY 0.1 3
SLABC SLABC-LAY 0.1 3
SLABP SLABP-LAY 0.1 3
SPANDREL-R10 SPANDREL-R10-LAY 0.7 3
SPANDREL-R15 SPANDREL-R15-LAY 0.4 3
WHA WHA-LAY o+ 3
W4B WAB-EAY o+ 3
WD WAD-LAY 0.7 3
W2A-FRM W2A-FRM-LAY 0.7 3
W2A-INS W2A-INS-LAY 0.7 3
R Rk W2B-FRM-LAY 0.7 3
W2B-INS W2B-INS-LAY 0.7 3
R W2D-FRM-LAY 0.7 3
W2D-INS W2D-INS-LAY o7 3
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Construction Layers ABS RO
W3A W3A-LAY 07 3
W3B W3B-LAY 07 3
LALAR B o7 3
Bz B o7 3
e e o7 3
LALAD LD A o7 3
B S D00 L o7 3
WD 00D WD 000 L o7 3
WHGC5U084 WHC5U084 07 3
WHGC5UJ092 WHC5U092-LAY 07 3
Wiz WIZ-LAY 0.7 3
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Table NF-4 — ACM VAV BOX LIBRARY

MODEL CFM MIN RATIO REHEAT CAP
VAV1200A 1200 0.35 21000
VAV1200H 1200 0.30 18000
VAV1200L 1200 0.40 24000
VAV1500A 1500 0.35 26250
VAV1500H 1500 0.30 22500
VAV1500L 1500 0.40 30000
VAV2000A 2000 0.35 35000
VAV2000H 2000 0.30 30000
VAV2000L 2000 0.40 40000
VAV2500A 2500 0.35 43750
VAV2500H 2500 0.30 37500
VAV2500L 2500 0.40 50000
VAV3000A 3000 0.35 52500
VAV3000H 3000 0.30 45000
VAV3000L 3000 0.40 60000
VAV300A 300 0.35 5250
VAV300H 300 0.30 4500
VAV300L 300 0.40 6000
VAV3500A 3500 0.35 61250
VAV3500H 3500 0.30 52500
VAV3500L 3500 0.40 70000
VAV4000A 4000 0.35 70000
VAV4000H 4000 0.30 60000
VAV4000L 4000 0.40 80000
VAV4500A 4500 0.35 78750
VAV4500H 4500 0.30 67500
VAV4500L 4500 0.40 90000
VAV450A 450 0.35 7875
VAV450H 450 0.30 6750
VAV450L 450 0.40 9000
VAV5000A 5000 0.35 87500
VAV5000H 5000 0.30 75000
VAV5000L 5000 0.40 100000
VAV600A 600 0.35 10500
VAV600H 600 0.30 9000
VAV600L 600 0.40 12000
VAV900A 900 0.35 15750
VAV900H 900 0.30 13500
VAVO00L 900 0.40 18000
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Table NF-5 - ACM PIU EQUIPMENT LIBRARY

Model TYP Cfm M-C-R F-C-R FPI ReheatCap
PIU300AP P 300 0.3 0.60 0.33 8100
PIU300AS S 300 0.3 1.00 0.33 8100
PIU300HP P 300 0.3 0.90 0.28 12000
PIU300HS S 300 0.3 1.00 0.28 12000
PIU300LP P 300 0.3 0.40 0.35 5400
PIU300LS S 300 0.3 1.00 0.35 5400
PIU450AP P 450 0.3 0.60 0.33 12000
PIU450AS S 450 0.3 1.00 0.33 12000
PIU450HP P 450 0.3 0.90 0.28 18200
PIU450HS S 450 0.3 1.00 0.28 18200
PIU450LP P 450 0.3 0.40 0.35 8100
PIU450LS S 450 0.3 1.00 0.35 8100
PIUBOOAP P 600 0.3 0.60 0.33 16200
PIUB00AS S 600 0.3 1.00 0.33 16200
PIUB0OHP P 600 0.3 0.90 0.28 24300
PIUB0OHS S 600 0.3 1.00 0.28 24300
PIUBOOLP P 600 0.3 0.40 0.35 10800
PIUB0OOLS S 600 0.3 1.00 0.35 10800
PIU750AP P 750 0.3 0.60 0.33 20250
PIU750AS S 750 0.3 1.00 0.33 20250
PIU750HP P 750 0.3 0.90 0.28 30400
PIU750HS S 750 0.3 1.00 0.28 20250
PIU750LP P 750 0.3 0.40 0.35 13500
PIU750LS S 750 0.3 1.00 0.35 13500
PIU900AP P 900 0.3 0.60 0.33 24300
PIU900AS S 900 0.3 1.00 0.33 24300
PIU900OHP P 900 0.3 0.90 0.28 36500
PIU900OHS S 900 0.3 1.00 0.28 36500
PIU90OLP P 900 0.3 0.40 0.35 16200
PIU90OLS S 900 0.3 1.00 0.35 16200
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Table NF-6— ACM SMALL PACKAGE SPLIT AIR CONDITIONER

Model Cap95 Cap82 EER SEER CFM Cd FPlcv FPlvav HCAP AFUE
ACSP17A 17000 18850 9.60 9.90 500 0.15 0.50 1.00 25000 82
ACSP17H 17000 17860 9.70 10.00 500 0.20 0.35 0.75 25000 84
ACSP17L 17000 20200 9.50 9.90 500 0.10 0.90 1.30 25000 80
ACSP22A 22000 24270 9.60 9.90 600 0.15 0.50 1.00 30000 82
ACSP22H 22000 24700 10.40 12.00 600 0.20 0.35 0.75 30000 84
ACSP22L 22000 24640 9.50 9.90 600 0.10 0.90 1.30 30000 82
ACSP28A 28000 31310 9.60 9.90 800 0.15 0.50 1.00 40000 84
ACSP28H 28000 31320 10.60 12.00 800 0.20 0.35 0.75 40000 80
ACSP28L 28000 31420 9.50 9.90 800 0.10 0.90 1.30 40000 82
ACSP34A 34000 36850 9.60 9.90 1100 0.15 0.50 1.00 55000 84
ACSP34H 34000 37770 10.50 12.00 1100 0.20 0.35 0.75 55000 80
ACSP34L 34000 38370 9.50 9.90 1100 0.10 0.90 1.30 55000 82
ACSP40A 40000 43360 9.60 9.90 1200 0.15 0.50 1.00 60000 84
ACSP40H 40000 42530 10.80 12.00 1200 0.20 0.35 0.75 60000 80
ACSP40L 40000 46820 9.50 9.90 1200 0.10 0.90 1.30 60000 82
ACSP46A 46000 49770 9.60 9.90 1600 0.15 0.50 1.00 80000 84
ACSP46H 46000 51400 10.50 12.00 1600 0.20 0.35 0.75 80000 80
ACSP46L 46000 49660 9.50 9.90 1600 0.10 0.90 1.30 80000 82
ACSP52A 52000 55500 9.60 9.90 1700 0.15 0.50 1.00 85000 84
ACSP52H 52000 56280 11.10 12.50 1700 0.20 0.35 0.75 85000 80
ACSP52L 52000 56650 9.50 9.90 1700 0.10 0.90 1.30 85000 82
ACSP58A 58000 62520 9.60 9.90 1800 0.15 0.50 1.00 90000 84
ACSP58H 58000 62290 10.80 12.00 1800 0.20 0.35 0.75 90000 80
ACSP58L 58000 63360 9.50 9.90 1800 0.10 0.90 1.30 90000 82
ACSPG3A 63000 67460 9.60 9.90 1900 0.15 0.50 1.00 95000 84
ACSP63H 63000 68000 10.50 12.10 1900 0.20 0.35 0.75 95000 80
ACSP63L 63000 67830 9.50 9.90 1900 0.10 0.90 1.30 95000 82
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Table NF-7- ACM LARGE PACKAGE SPLIT AIR CONDITIONER LIBRARY

Model Cap95 Cfm BHPari MotorEff FPlcv FPlvav EER HCap AFUE
ACLP007A 80150 3100 0.23 0.810 0.50 1.00 9.00 93000 82
ACLP00O7H 79100 2800 0.21 0.875 0.35 0.75 9.20 84000 84
ACLP007L 77350 2500 0.18 0.810 0.90 1.30 8.90 75000 80
ACLPO10A 114500 4500 0.41 0.850 0.50 1.00 9.00 135000 82
ACLPO10H 113000 4000 0.34 0.917 0.35 0.75 9.20 120000 84
ACLPO10L 110500 3500 0.30 0.850 0.90 1.30 8.90 105000 80
ACLPO15A 171750 6750 0.85 0.850 0.50 1.00 8.70 202500 82
ACLPO15H 169500 6000 0.67 0.917 0.35 0.75 9.00 180000 84
ACLPO15L 165750 5250 0.38 0.850 0.90 1.30 8.50 157500 80
ACLP020A 229000 9000 1.60 0.850 0.50 1.00 8.70 270000 82
ACLP020H 226000 8000 1.23 0.917 0.35 0.75 9.00 240000 84
ACLP020L 221000 7000 0.92 0.850 0.90 1.30 8.50 210000 80
ACLP025A 292000 8750 1.34 0.850 0.50 1.00 8.70 262500 82
ACLP025H 281000 7000 0.79 0.917 0.35 0.75 9.00 210000 84
ACLP025L 271500 6000 0.50 0.850 0.90 1.30 8.50 180000 80
ACLP030A 352000 12000 213 0.850 0.50 1.00 8.70 360000 82
ACLPO30H 345000 10500 1.40 0.917 0.35 0.75 9.00 315000 84
ACLPO30L 337000 9000 1.09 0.850 0.90 1.30 8.50 270000 80
ACLPO40A 483000 18000 413 0.860 0.50 0.75 8.70 540000 82
ACLP040H 476000 16000 3.02 0.910 0.35 0.75 9.00 480000 84
ACLP040L 467000 14000 212 0.860 0.90 1.30 8.50 420000 80
ACLP050A 589000 22500 7.60 0.860 0.50 1.00 8.70 675000 82
ACLP050H 580000 20000 5.49 0.910 0.35 0.75 9.00 600000 84
ACLPO50L 569000 17500 3.75 0.860 0.90 1.30 8.50 525000 80
ACLP060A 723000 27000 7.26 0.880 0.50 1.00 8.70 810000 82
ACLP060H 712000 24000 5.41 0.930 0.35 0.75 9.00 720000 84
ACLP060L 698000 21000 3.91 0.880 0.90 1.30 8.50 630000 80
ACLP070A 811000 26000 6.60 0.880 0.50 1.00 8.50 780000 82
ACLPO70H 801000 24000 5.41 0.930 0.35 0.75 8.80 720000 84
ACLPO70L 815000 27000 7.26 0.880 0.90 1.30 8.20 810000 80
ACLPO75A 883000 26000 6.60 0.880 0.50 1.00 8.50 780000 82
ACLP075H 873000 24000 5.41 0.930 0.35 0.75 8.80 720000 84
ACLPO75L 862000 22000 3.91 0.880 0.90 1.30 8.20 660000 80
ACLP090A 1062000 42000 15.03 0.880 0.50 1.00 8.70 1260000 82
ACLP090H 1044000 37000 10.82 0.930 0.35 0.75 8.80 1110000 84
ACLP090L 1021000 32000 7.52 0.880 0.90 1.30 8.20 960000 80
ACLP105A 1229000 43000 15.99 0.890 0.50 1.00 8.50 1290000 82
ACLP105H 1213000 39000 12.39 0.941 0.35 0.75 8.80 1170000 84
ACLP105L 1193000 35000 9.40 0.880 0.90 1.30 8.20 1050000 80
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Table NF-8— ACM FAN COIL EQUIPMENT LIBRARY

MODEL COOLCAP HEATCAP CFM FPI

FCOO08A 8400 12000 300 0.50
FC008H 8400 12000 300 0.35
FCO08L 8400 12000 300 0.90
FCO13A 12600 18000 450 0.50
FCO13H 12600 18000 450 0.35
FCO13L 12600 18000 450 0.90
FCO17A 16800 24000 600 0.50
FCO17H 16800 24000 600 0.35
FCO17L 16800 24000 600 0.90
FC021A 21000 30000 750 0.50
FC021H 21000 30000 750 0.35
FCO021L 21000 30000 750 0.90
FCO028A 28000 40000 1000 0.50
FC028H 28000 40000 1000 0.35
FCO028L 28000 40000 1000 0.90
FCO35A 35000 50000 1250 0.50
FCO035H 35000 50000 1250 0.35
FCO35L 35000 50000 1250 0.90
FCO042A 42000 60000 1500 0.50
FC042H 42000 60000 1500 0.35
FCo042L 42000 60000 1500 0.90
FCO56A 56000 80000 2000 0.50
FCO056H 56000 80000 2000 0.35
FCO056L 56000 80000 2000 0.90
FCO70A 70000 100000 2500 0.50
FCO70H 70000 100000 2500 0.35
FCO70L 70000 100000 2500 0.90
FCO84A 84000 120000 3000 0.50
FC084H 84000 120000 3000 0.35
FCO084L 84000 120000 3000 0.90
FCO98A 98000 140000 3500 0.50
FC098H 98000 140000 3500 0.35
FCO098L 98000 140000 3500 0.90
FC112A 112000 160000 4000 0.50
FC112H 112000 160000 4000 0.35
FC112L 112000 160000 4000 0.90
FC126A 126000 180000 4500 0.50
FC126H 126000 180000 4500 0.35
FC126L 126000 180000 4500 0.90
FC140A 140000 200000 5000 0.50
FC140H 140000 200000 5000 0.35
FC140L 140000 200000 5000 0.90
FC168A 168000 240000 6000 0.50
FC168H 168000 240000 6000 0.35
FC168L 168000 240000 6000 0.90
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MODEL COOLCAP HEATCAP CFM FPI

FC196A 196000 280000 7000 0.50
FC196H 196000 280000 7000 0.35
FC196L 196000 280000 7000 0.90
FC224A 224000 320000 8000 0.50
FC224H 224000 320000 8000 0.35
FC224L 224000 320000 8000 0.90
FC252A 252000 360000 9000 0.50
FC252H 252000 360000 9000 0.35
FC252L 252000 360000 9000 0.90
FC280A 280000 400000 10000 0.50
FC280H 280000 400000 10000 0.35
FC280L 280000 400000 10000 0.90
FC350A 350000 500000 12500 0.50
FC350H 350000 500000 12500 0.35
FC350L 350000 500000 12500 0.90
FC420A 420000 600000 15000 0.50
FC420H 420000 600000 15000 0.35
FC420L 420000 600000 15000 0.90
FC490A 490000 700000 17500 0.50
FC490H 490000 700000 17500 0.35
FC490L 490000 700000 17500 0.90
FC560A 560000 800000 20000 0.50
FC560H 560000 800000 20000 0.35
FC560L 560000 800000 20000 0.90
FC700A 700000 1000000 25000 0.50
FC700H 700000 1000000 25000 0.35
FC700L 700000 1000000 25000 0.90
FC840A 840000 1200000 30000 0.50
FC840H 840000 1200000 30000 0.35
FC840L 840000 1200000 30000 0.90
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Table NF-9— ACM HEAT ONLY LIBRARY

Model HeatCap CFM FPI AFUE
HEATO045A 45000 1000 0.50 82
HEAT045H 45000 1000 0.35 84
HEATO045L 45000 1000 0.90 80
HEAT063A 63000 1500 0.50 82
HEAT063H 63000 1500 0.35 84
HEATO063L 63000 1500 0.90 80
HEATO090A 90000 2000 0.50 82
HEATO090H 90000 2000 0.35 84
HEATO90L 90000 2000 0.90 80
HEAT108A 108000 2500 0.50 82
HEAT108H 108000 2500 0.35 84
HEAT108L 108000 2500 0.90 80
HEAT135A 135000 3000 0.50 82
HEAT135H 135000 3000 0.35 84
HEAT135L 135000 3000 0.90 80
HEAT153A 153000 3500 0.50 82
HEAT153H 153000 3500 0.35 84
HEAT153L 153000 3500 0.90 80
HEAT180A 180000 4000 0.50 82
HEAT180H 180000 4000 0.35 84
HEAT180L 180000 4000 0.90 80
HEAT215A 215000 5000 0.50 82
HEAT215H 215000 5000 0.35 84
HEAT215L 215000 5000 0.90 80
HEAT323A 323000 7500 0.50 82
HEAT323H 323000 7500 0.35 84
HEAT323L 323000 7500 0.90 80
HEAT450A 450000 10000 0.50 82
HEAT450H 450000 10000 0.35 84
HEAT450L 450000 10000 0.90 80
HEAT538A 538000 12500 0.50 82
HEAT538H 538000 12500 0.35 84
HEAT538L 538000 12500 0.90 80
HEAT665A 665000 15000 0.50 82
HEAT665H 665000 15000 0.35 84
HEAT665L 665000 15000 0.90 80
HEAT900A 900000 20000 0.50 82
HEAT900H 900000 20000 0.35 84
HEAT900L 900000 20000 0.90 80
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Table NF-10— ACM HEAT PUMP EQUIPMENT LIBRARY

Model Cap95 Cap82 Hcap47 Hcap 17 EER SEER HSPF COP 47 COP 17 Cfm Cd Fpi

HPSP108A 108000 110000 58700  9.00 7.32 3.00 2.00 3300 0.50
HPSP108H 108000 109800 56300 9.20 7.32 3.00 2.00 3300 0.35
HPSP108L 108000 109800 59000  8.90 7.68 3.10 2.00 3300 0.90
HPSP126A 126000 123400 68100  9.00 7.32 3.00 2.00 4300 0.50
HPSP126H 126000 111700 59900 9.60 7.32 3.00 2.00 4300 0.35
HPSP126L 126000 128100 68900  8.90 7.68 3.10 2.00 4300 0.90
HPSP162A 162000 150600 80200  8.90 7.00 2.90 2.00 5400 0.50
HPSP162H 162000 146400 77600  9.40 7.00 2.90 2.00 5400 0.35
HPSP162L 162000 148800 77200  8.50 7.00 2.90 2.00 5400 0.90
HPSP222A 222000 224200 115400 8.60 7.32 3.00 2.00 6400 0.50
HPSP222H 222000 215900 115000 8.80 7.32 3.00 2.00 6400 0.35
HPSP222L 222000 227700 123500 8.50 7.32 3.00 2.10 6400 0.90
HPSP22A 22000 24150 21600 11900 9.60 10.50 7.32 3.00 2.00 600 0.15 0.50
HPSP22H 22000 24050 20800 10900  11.10 12.00 8.40 3.30 2.00 600 0.20 0.35
HPSP22L 22000 23390 22000 12300 9.50 10.00 7.32 3.00 2.00 600 0.10 0.90
HPSP28A 28000 30420 27500 15400 9.60 10.40 7.32 3.00 2.00 800 0.15 0.50
HPSP28H 28000 30040 25400 13900 11.20 12.00 7.32 3.00 2.00 800 0.20 0.35
HPSP28L 28000 30800 28000 15800 9.50 9.90 7.32 3.00 2.00 800 0.10 0.90

HPSP34A 34000 36980 33500 18600  9.60 10.20 7.32 3.00 2.00 1100 0.15 0.50

HPSP34H 34000 37600 31100 18000 10.70 12.00 8.40 3.30 2.20 1100 0.20 0.35

HPSP34L 34000 37790 36300 19600  9.50 9.90 7.32 3.00 2.00 1100 0.10 0.90

HPSP40A 40000 43500 39600 22000 9.60 10.00 7.32 3.00 2.00 1200 0.15 0.50

HPSP40H 40000 44140 37200 20700 10.30 12.00 8.04 3.20 2.00 1200 0.20 0.35

HPSP40L 40000 44930 41400 24000 9.50 9.90 7.32 3.00 2.00 1200 0.10 0.90

HPSP46A 46000 50000 46200 25700  9.60 10.00 7.32 3.00 2.00 1600 0.15 0.50

HPSP46H 46000 51400 46500 25600 10.40 12.00 8.04 3.20 2.10 1600 0.20 0.35

HPSP46L 46000 49830 48100 26200  9.50 9.90 7.68 3.10 2.10 1600 0.10 0.90

HPSP52A 52000 56060 51300 28000  9.60 10.00 7.32 3.00 2.00 1700 0.15 0.50

HPSP52H 52000 56820 49300 28900  9.90 12.30 8.04 3.20 2.00 1700 0.20 0.35

HPSP52L 52000 56280 51400 30000  9.50 9.90 7.32 3.00 2.00 1700 0.10 0.90

HPSP58A 58000 62530 59000 33800  9.60 10.00 7.68 3.10 2.10 1800 0.15 0.50

HPSP58H 58000 64710 58000 31500 10.10 12.00 8.40 3.30 2.20 1800 0.20 0.35

HPSP58L 58000 62140 60000 33900 9.50 9.90 7.32 3.00 2.10 1800 0.10 0.90

HPSP63A 63000 66900 60800 34300 9.60 10.00 7.32 3.00 2.00 1900 0.15 0.50

HPSP63H 63000 67260 58900 32100 9.70 10.50 7.32 3.00 2.00 1900 0.20 0.35

HPSP63L 63000 67190 59400 32600  9.50 9.90 7.32 3.00 2.00 1900 0.10 0.90

HPSP72A 72000 70600 38200  9.00 7.32 3.00 2.00 2400 0.50
HPSP72H 72000 71600 44400 9.50 7.68 3.10 2.00 2400 0.35
HPSP72L 72000 72000 35400  8.90 7.32 3.00 2.00 2400 0.90
HPSP90A 90000 90500 49300 9.00 7.32 3.00 2.00 2600 0.50
HPSP90H 90000 83400 54100 9.40 7.32 3.00 2.10 2600 0.35
HPSP90L 90000 88900 44400  8.90 7.32 3.00 2.00 2600 0.90
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Table NF-11— ACM WATER LOOP EQUIPMENT LIBRARY

MODEL COOLCAP EER HEATCAP cop CFM FPI
WHPO07A 7000 11.50 8050 4.00 230 0.50
WHPOQO7H 7000 15.00 8050 4.50 230 0.35
WHPO0O7L 7000 10.00 8050 3.80 230 0.85
WHPOQ09A 9000 11.50 10350 4.00 300 0.50
WHPOO9H 9000 15.00 10350 4.50 300 0.35
WHP009L 9000 10.00 10350 3.80 300 0.85
WHP012A 12000 11.50 13800 4.00 400 0.50
WHPO12H 12000 15.00 13800 4.50 400 0.35
WHPO12L 12000 10.00 13800 3.80 400 0.85
WHPO15A 15000 11.50 17250 4.00 500 0.50
WHPO015H 15000 15.00 17250 4.50 500 0.35
WHP015L 15000 10.00 17250 3.80 500 0.85
WHP018A 18000 11.50 20700 4.00 600 0.50
WHP018H 18000 15.00 20700 4.50 600 0.35
WHP018L 18000 10.00 20700 3.80 600 0.85
WHP024A 24000 11.50 27600 4.00 800 0.50
WHP024H 24000 15.00 27600 4.50 800 0.35
WHP024L 24000 10.00 27600 3.80 800 0.85
WHPO030A 30000 11.50 34500 4.00 1000 0.50
WHPO30H 30000 15.00 34500 4.50 1000 0.35
WHPO30L 30000 10.00 34500 3.80 1000 0.85
WHPO36A 36000 11.50 41400 4.00 1200 0.50
WHPO36H 36000 15.00 41400 4.50 1200 0.35
WHP036L 36000 10.00 41400 3.80 1200 0.85
WHP042A 42000 11.50 48300 4.00 1400 0.50
WHP042H 42000 15.00 48300 4.50 1400 0.35
WHP042L 42000 10.00 48300 3.80 1400 0.85
WHP048A 48000 11.50 55200 4.00 1600 0.50
WHP048H 48000 15.00 55200 4.50 1600 0.35
WHP048L 48000 10.00 55200 3.80 1600 0.85
WHPO0B0A 60000 11.50 69000 4.00 2000 0.50
WHPO060H 60000 15.00 69000 4.50 2000 0.35
WHPO60L 60000 10.00 69000 3.80 2000 0.85
WHPO72A 72000 11.50 82800 4.00 2400 0.50
WHPO72H 72000 15.00 82800 4.50 2400 0.35
WHPO72L 72000 10.50 82800 3.80 2400 0.85
WHPO084A 84000 11.50 96600 4.00 2800 0.50
WHPO084H 84000 15.00 96600 4.50 2800 0.35
WHP084L 84000 10.50 96600 3.80 2800 0.85
WHPOQ96A 96000 11.50 110400 4.00 3200 0.50
WHPO096H 96000 15.00 110400 4.50 3200 0.35
WHPO096L 96000 10.50 110400 3.80 3200 0.85
WHP108A 108000 11.50 124200 4.00 3600 0.50
WHP108H 108000 15.00 124200 4.50 3600 0.35
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MODEL COOLCAP EER HEATCAP COP CFM FPI
WHP108L 108000 10.50 124200 3.80 3600 0.85
WHP120A 120000 11.50 138000 4.00 4000 0.50
WHP120H 120000 15.00 138000 4.50 4000 0.35
WHP120L 120000 10.50 138000 3.80 4000 0.85
WHP132A 132000 11.50 151800 4.00 4400 0.50
WHP132H 132000 15.00 151800 4.50 4400 0.35
WHP132L 132000 10.50 151800 3.80 4400 0.85
Table NF-12— ACM EVAPORATIVE EQUIPMENT LIBRARY

Model Cfm IndirEff DirEff FPI FPIsup ACbackUp
EVAP1000AIB 1000 85 0.696 0.500 ACSP58A
EVAP1000AID 1000 85 78 0.696 0.500

EVAP1000HIB 1000 85 0.546 0.240 ACSP58H
EVAP1000HID 1000 85 78 0.546 0.240

EVAP1000LIB 1000 85 0.996 0.600 ACSP58L
EVAP1000LID 1000 85 78 0.996 0.600

EVAP1300AIB 1300 85 0.696 0.500 ACSP63A
EVAP1300AID 1300 85 78 0.696 0.500

EVAP1300HIB 1300 85 0.546 0.240 ACSP63H
EVAP1300HID 1300 85 78 0.546 0.240

EVAP1300LIB 1300 85 0.996 0.600 ACSP63L
EVAP1300LID 1300 85 78 0.996 0.600

EVAP1500AIB 1500 85 0.696 0.500 ACLPOO7A
EVAP1500AID 1500 85 78 0.696 0.500

EVAP1500HIB 1500 85 0.546 0.240 ACLP00O7H
EVAP1500HID 1500 85 78 0.546 0.240

EVAP1500LIB 1500 85 0.996 0.600 ACLP007L
EVAP1500LID 1500 85 78 0.996 0.600

EVAP2000AIB 2000 85 0.696 0.500 ACLP007A
EVAP2000AID 2000 85 78 0.696 0.500

EVAP2000HIB 2000 85 0.546 0.240 ACLP007H
EVAP2000HID 2000 85 78 0.546 0.240

EVAP2000LIB 2000 85 0.996 0.600 ACLP007L
EVAP2000LID 2000 85 78 0.996 0.600

EVAP2500AIB 2500 85 0.696 0.500 ACLPOO7A
EVAP2500AID 2500 85 78 0.696 0.500

EVAP2500HIB 2500 85 0.546 0.240 ACLP00O7H
EVAP2500HID 2500 85 78 0.546 0.240

EVAP2500LIB 2500 85 0.996 0.600 ACLP007L
EVAP2500LID 2500 85 78 0.996 0.600
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Table NF-13— ACM SYSTEM EQUIPMENT LIBRARY

MODEL COOLCAP HEATCAP CFM FPlcv FPlIvav
SYS0025A 25000 33929 893 0.50 1.00
SYS0025H 25000 33929 893 0.35 0.75
SYS0025L 25000 33929 893 0.90 1.35
SYS0038A 38000 51571 1357 0.50 1.00
SYS0038H 38000 51571 1357 0.35 0.75
SYS0038L 38000 51571 1357 0.90 1.35
SYS0050A 50000 67857 1786 0.50 1.00
SYS0050H 50000 67857 1786 0.35 0.75
SYS0050L 50000 67857 1786 0.90 1.35
SYS0063A 63000 85500 2250 0.50 1.00
SYS0063H 63000 85500 2250 0.35 0.75
SYS0063L 63000 85500 2250 0.90 1.35
SYS0075A 75000 101786 2679 0.50 1.00
SYS0075H 75000 101786 2679 0.35 0.75
SYS0075L 75000 101786 2679 0.90 1.35
SYS0088A 88000 119429 3143 0.50 1.00
SYS0088H 88000 119429 3143 0.35 0.75
SYS0088L 88000 119429 3143 0.90 1.35
SYS0100A 100000 135714 3571 0.50 1.00
SYS0100H 100000 135714 3571 0.35 0.75
SYS0100L 100000 135714 3571 0.90 1.35
SYS0125A 125000 169643 4464 0.50 1.00
SYS0125H 125000 169643 4464 0.35 0.75
SYS0125L 125000 169643 4464 0.90 1.35
SYS0188A 188000 255143 6714 0.50 1.00
SYS0188H 188000 255143 6714 0.35 0.75
SYS0188L 188000 255143 6714 0.90 1.35
SYS0250A 250000 339286 8929 0.50 1.00
SYS0250H 250000 339286 8929 0.35 0.75
SYS0250L 250000 339286 8929 0.90 1.35
SYS0380A 380000 515714 13571 0.50 1.00
SYS0380H 380000 515714 13571 0.35 0.75
SYS0380L 380000 515714 13571 0.90 1.35
SYS0500A 500000 678571 17857 0.50 1.00
SYS0500H 500000 678571 17857 0.35 0.75
SYS0500L 500000 678571 17857 0.90 1.35
SYS0625A 625000 848214 22321 0.50 1.00
SYS0625H 625000 848214 22321 0.35 0.75
SYS0625L 625000 848214 22321 0.90 1.35
SYS0750A 750000 1017857 26786 0.50 1.00
SYS0750H 750000 1017857 26786 0.35 0.75
SYS0750L 750000 1017857 26786 0.90 1.35
SYS1000A 1000000 1357143 33000 0.50 1.00
SYS1000H 1000000 1357143 33000 0.35 0.75
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MODEL COOLCAP HEATCAP CFM FPlcv FPIvav

SYS1000L 1000000 1357143 33000 0.90 1.35

Table NF-14— ACM ELECTRICAL CHILLER LIBRARY

Model CoolCap COP
COOLO0180A 180000 4.00
COOL0180H 180000 4.20
COOL0180L 180000 3.80
COOL0240A 240000 4.00
COOL0240H 240000 4.20
COOL0240L 240000 3.80
COOLO0300A 300000 4.00
COOLO0300H 300000 4.20
COOL0300L 300000 3.80
COOLO0360A 360000 4.00
COOL0360H 360000 4.20
COOL0360L 360000 3.80
COOLO0480A 480000 4.00
COOL0480H 480000 4.20
COOL0480L 480000 3.80
COOLO0900A 900000 4.00
COOL0900H 900000 4.20
COOL0900L 900000 3.80
COOL1200A 1200000 4.00
COOL1200H 1200000 4.20
COOL1200L 1200000 3.80
COOL1800A 1800000 4.40
COOL1800H 1800000 4.60
COOL1800L 1800000 4.20
COOL2100A 2100000 4.40
COOL2100H 2100000 4.60
cooL2100L 2100000 4.20
COOL2400A 2400000 4.40
COOL2400H 2400000 4.60
COOL2400L 2400000 4.20
COOL3000A 3000000 4.40
COOL3000H 3000000 4.60
COOL3000L 3000000 4.20
COOL3600A 3600000 5.60
COOL3600H 3600000 5.80
COOL3600L 3600000 5.20
COOL4200A 4200000 5.60
COOL4200H 4200000 5.80
COO0L4200L 4200000 5.20
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Table NF-15—- ACM ABSORPTION CHILLER LIBRARY

Model Cooling Capacity HIR EIR

ABSOR10180A 180000 1.60 0.0040
ABSOR10180H 180000 1.55 0.0035
ABSOR10180L 180000 1.65 0.0045
ABSOR10240A 240000 1.60 0.0040
ABSOR10240H 240000 1.55 0.0035
ABSOR10240L 240000 1.65 0.0045
ABSOR10300A 300000 1.60 0.0040
ABSOR10300H 300000 1.55 0.0035
ABSOR10300L 300000 1.65 0.0045
ABSOR10360A 360000 1.60 0.0040
ABSOR10360H 360000 1.55 0.0035
ABSOR10360L 360000 1.65 0.0045
ABSOR10480A 480000 1.60 0.0040
ABSOR10480H 480000 1.55 0.0035
ABSOR10480L 480000 1.65 0.0045
ABSOR10900A 900000 1.60 0.0040
ABSOR10900H 900000 1.55 0.0035
ABSOR10900L 900000 1.65 0.0045
ABSOR11200A 1200000 1.60 0.0040
ABSOR11200H 1200000 1.65 0.0035
ABSOR11200L 1200000 1.55 0.0045
ABSOR11800A 1800000 1.60 0.0040
ABSOR11800H 1800000 1.55 0.0035
ABSOR11800L 1800000 1.65 0.0045
ABSOR12100A 2100000 1.60 0.0040
ABSOR12100H 2100000 1.55 0.0035
ABSOR12100L 2100000 1.65 0.0045
ABSOR12400A 2400000 1.60 0.0040
ABSOR12400H 2400000 1.55 0.0035
ABSOR12400L 2400000 1.65 0.0045
ABSOR13000A 3000000 1.60 0.0040
ABSOR13000H 3000000 1.55 0.0035
ABSOR13000L 3000000 1.65 0.0045
ABSOR13600A 3600000 1.60 0.0040
ABSOR13600H 3600000 1.55 0.0035
ABSOR13600L 3600000 1.65 0.0045
ABSOR14200A 4200000 1.60 0.0040
ABSOR14200H 4200000 1.55 0.0035
ABSOR14200L 4200000 1.65 0.0045
ABSOR20180A 180000 1.00 0.0070
ABSOR20180H 180000 1.00 0.0065
ABSOR20180L 180000 1.00 0.0075
ABSOR20240A 240000 1.00 0.0070
ABSOR20240H 240000 1.00 0.0065
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Model Cooling Capacity HIR EIR
ABSOR20240L 240000 1.00 0.0075
ABSOR20360A 360000 1.00 0.0070
ABSOR20360H 360000 1.00 0.0065
ABSOR20360L 360000 1.00 0.0075
ABSOR20480A 480000 1.00 0.0070
ABSOR20480H 480000 1.00 0.0065
ABSOR20480L 480000 1.00 0.0075
ABSOR20900A 900000 1.00 0.0070
ABSOR20900H 900000 1.00 0.0065
ABSOR20900L 900000 1.00 0.0075
ABSOR21200A 1200000 1.00 0.0070
ABSOR21200H 1200000 1.00 0.0065
ABSOR21200L 1200000 1.00 0.0075
ABSOR21800A 1800000 1.00 0.0070
ABSOR21800H 1800000 1.00 0.0065
ABSOR21800L 1800000 1.00 0.0075
ABSOR22100A 2100000 1.00 0.0070
ABSOR22100H 2100000 1.00 0.0065
ABSOR22100L 2100000 1.00 0.0075
ABSOR22400A 2400000 1.00 0.0070
ABSOR22400H 2400000 1.00 0.0065
ABSOR22400L 2400000 1.00 0.0075
ABSOR23000A 3000000 1.00 0.0070
ABSOR23000H 3000000 1.00 0.0065
ABSOR23000L 3000000 1.00 0.0075
ABSOR23600A 3600000 1.00 0.0070
ABSOR23600H 3600000 1.00 0.0065
ABSOR23600L 3600000 1.00 0.0075
ABSOR24200A 4200000 1.00 0.0070
ABSOR24200H 4200000 1.00 0.0065
ABSOR24200L 4200000 1.00 0.0075
ABSORGO180A 180000 1.00 0.0071
ABSORGO180H 180000 1.00 0.0066
ABSORGO180L 180000 1.00 0.0076
ABSORG0240A 240000 1.00 0.0071
ABSORG0240H 240000 1.00 0.0066
ABSORG0240L 240000 1.00 0.0076
ABSORGO0360A 360000 1.00 0.0071
ABSORGO0360H 360000 1.00 0.0066
ABSORG0360L 360000 1.00 0.0076
ABSORGO0480A 480000 1.00 0.0071
ABSORG0480H 480000 1.00 0.0066
ABSORG0480L 480000 1.00 0.0076
ABSORG0900A 900000 1.00 0.0071
ABSORG0900H 900000 1.00 0.0066
ABSORG0900L 900000 1.00 0.0076
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Model Cooling Capacity HIR EIR
ABSORG1200A 1200000 1.00 0.0071
ABSORG1200H 1200000 1.00 0.0066
ABSORG1200L 1200000 1.00 0.0076
ABSORG1800A 1800000 1.00 0.0071
ABSORG1800H 1800000 1.00 0.0066
ABSORG1800L 1800000 1.00 0.0076
ABSORG2100A 2100000 1.00 0.0071
ABSORG2100H 2100000 1.00 0.0066
ABSORG2100L 2100000 1.00 0.0076
ABSORG2400A 2400000 1.00 0.0071
ABSORG2400H 2400000 1.00 0.0066
ABSORG2400L 2400000 1.00 0.0076
ABSORG3000A 3000000 1.00 0.0071
ABSORG3000H 3000000 1.00 0.0066
ABSORG3000L 3000000 1.00 0.0076
ABSORG3600A 3600000 1.00 0.0071
ABSORG3600H 3600000 1.00 0.0066
ABSORG3600L 3600000 1.00 0.0076
ABSORG4200A 4200000 1.00 0.0071
ABSORG4200H 4200000 1.00 0.0066
ABSORG4200L 4200000 1.00 0.0076
Table NF-16— ACM TOWER LIBRARY

Model CoolCap

TOWERO0220 220000

TOWERO0260 260000

TOWERO0330 330000

TOWERO0390 390000

TOWERO0500 500000

TOWERO0930 930000

TOWER1250 1250000

TOWER1870 1870000

TOWER2160 2160000

TOWER2480 2480000

TOWER3100 3100000

TOWER3700 3700000

TOWER4300 4300000
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Table NF-17— ACM BOILER LIBRARY

Model Size Afue
BOILEROO100A 100000 82
BOILER00100H 100000 84
BOILER00100L 100000 80
BOILER00250A 250000 82
BOILER00250H 250000 84
BOILER00250L 250000 80
BOILER0O0500A 500000 82
BOILER0O0500H 500000 84
BOILER0O0500L 500000 80
BOILERO0750A 750000 82
BOILER0O0750H 750000 84
BOILER0O0750L 750000 80
BOILER01000A 1000000 82
BOILER01000H 1000000 84
BOILER01000L 1000000 80
BOILER01500A 1500000 82
BOILER01500H 1500000 84
BOILER01500L 1500000 80
BOILER02000A 2000000 82
BOILER02000H 2000000 84
BOILER02000L 2000000 80
BOILER02500A 2500000 82
BOILER02500H 2500000 84
BOILER02500L 2500000 80
BOILERO3000A 3000000 82
BOILER03000H 3000000 84
BOILER03000L 3000000 80

Appendix NF - Technical Databases for Test Runs



2005 Nonresidential ACM Manual, Express Terms, 15-Day Language

Page NF-24

Table NF-18— ACM VAV BOX SELECTED

Test System Zone Model
A12B13 SYS-1 EAST1 VAV900A
A12B13 SYS-1 EAST2 VAV1200A
A12B13 SYS-1 NORTH1 VAV900A
A12B13 SYS-1 NORTH2 VAV900A
A12B13 SYS-1 SOUTH1 VAV1500A
A12B13 SYS-1 SOUTH2 VAV1500A
A12B13 SYS-1 WEST1 VAV1200A
A12B13 SYS-1 WEST2 VAV1200A
A13B06 SYS-1 EAST1 VAV900A
A13B06 SYS-1 EAST2 VAV1200A
A13B06 SYS-1 NORTH1 VAV600A
A13B06 SYS-1 NORTH2 VAV900A
A13B06 SYS-1 SOUTH1 VAV1200A
A13B06 SYS-1 SOUTH2 VAV1500A
A13B06 SYS-1 WEST1 VAV1200A
A13B06 SYS-1 WEST2 VAV1200A
A14B16 SYS-1 EAST1 VAV900A
A14B16 SYS-1 EAST2 VAV900A
A14B16 SYS-1 NORTH1 VAV600A
A14B16 SYS-1 NORTH2 VAV900A
A14B16 SYS-1 SOUTH!1 VAV1200A
A14B16 SYS-1 SOUTH2 VAV1500A
A14B16 SYS-1 WEST1 VAV900A
A14B16 SYS-1 WEST2 VAV1200A
A17B16 SYS-1 EAST1 VAV900A
A17B16 SYS-1 EAST2 VAV900A
A17B16 SYS-1 NORTH1 VAV600A
A17B16 SYS-1 NORTH2 VAV600A
A17B16 SYS-1 SOUTH1 VAV900A
A17B16 SYS-1 SOUTH2 VAV900A
A17B16 SYS-1 WEST1 VAV900A
A17B16 SYS-1 WEST2 VAV900A
B11B13 SYS-1 EAST1 VAV1500L
B11B13 SYS-1 EAST2 VAV2000L
B11B13 SYS-1 NORTH1 VAV1200L
B11B13 SYS-1 NORTH2 VAV1200L
B11B13 SYS-1 SOUTH1 VAV2000L
B11B13 SYS-1 SOUTH2 VAV2000L
B11B13 SYS-1 WEST1 VAV2000L
B11B13 SYS-1 WEST2 VAV2000L
B12B13 SYS-1 EAST1 VAV2000L
B12B13 SYS-1 EAST2 VAV2000L
B12B13 SYS-1 NORTH1 VAV1200L
B12B13 SYS-1 NORTH2 VAV1500L
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Test System Zone Model
B12B13 SYS-1 SOUTH1 VAV2000L
B12B13 SYS-1 SOUTH2 VAV2500L
B12B13 SYS-1 WESTH1 VAV2000L
B12B13 SYS-1 WEST2 VAV2000L
B13B13 SYS-1 EAST1 VAV2000L
B13B13 SYS-1 EAST2 VAV2000L
B13B13 SYS-1 NORTH1 VAV1200L
B13B13 SYS-1 NORTH2 VAV1200L
B13B13 SYS-1 SOUTH1 VAV2500L
B13B13 SYS-1 SOUTH2 VAV2500L
B13B13 SYS-1 WEST1 VAV2000L
B13B13 SYS-1 WEST2 VAV2500L
B14B06 SYS-1 EAST1 VAV2000H
B14B06 SYS-1 EAST2 VAV2000H
B14B06 SYS-1 NORTH1 VAV1200H
B14B06 SYS-1 NORTH2 VAV1200H
B14B06 SYS-1 SOUTH1 VAV2000H
B14B06 SYS-1 SOUTH2 VAV2500H
B14B06 SYS-1 WEST1 VAV2000H
B14B06 SYS-1 WEST2 VAV2000H
B15B16 SYS-1 EAST1 VAV2000H
B15B16 SYS-1 EAST2 VAV2000H
B15B16 SYS-1 NORTH1 VAV900H
B15B16 SYS-1 NORTH2 VAV1200H
B15B16 SYS-1 SOUTH1 VAV2000H
B15B16 SYS-1 SOUTH2 VAV2500H
B15B16 SYS-1 WESTH1 VAV2000H
B15B16 SYS-1 WEST2 VAV2500H
B21B12 SYS-1 EAST1 VAV1500A
B21B12 SYS-1 EAST2 VAV1500A
B21B12 SYS-1 NORTH1 VAV1200A
B21B12 SYS-1 NORTH2 VAV1200A
B21B12 SYS-1 SOUTH1 VAV1500A
B21B12 SYS-1 SOUTH2 VAV2000A
B21B12 SYS-1 WEST1 VAV2000A
B21B12 SYS-1 WEST2 VAV2000A
B22B12 SYS-1 EAST1 VAV1200A
B22B12 SYS-1 EAST2 VAV1200A
B22B12 SYS-1 NORTH1 VAV1200A
B22B12 SYS-1 NORTH2 VAV1200A
B22B12 SYS-1 SOUTH1 VAV1500A
B22B12 SYS-1 SOUTH2 VAV1500A
B22B12 SYS-1 WESTH1 VAV1500A
B22B12 SYS-1 WEST2 VAV1500A
B23B12 SYS-1 EAST1 VAV1200A
B23B12 SYS-1 EAST2 VAV1200A
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Test System Zone Model
B23B12 SYS-1 NORTH1 VAV900A
B23B12 SYS-1 NORTH2 VAV1200A
B23B12 SYS-1 SOUTH1 VAV1500A
B23B12 SYS-1 SOUTH2 VAV1500A
B23B12 SYS-1 WESTH1 VAV1500A
B23B12 SYS-1 WEST2 VAV1500A
B24B03 SYS-1 EAST1 VAV1200A
B24B03 SYS-1 EAST2 VAV1200A
B24B03 SYS-1 NORTH1 VAV900A
B24B03 SYS-1 NORTH2 VAV900A
B24B03 SYS-1 SOUTH1 VAV1200A
B24B03 SYS-1 SOUTH2 VAV1200A
B24B03 SYS-1 WESTH1 VAV1200A
B24B03 SYS-1 WEST2 VAV1500A
C21B10 SYS-1 EAST2 VAV2000A
C21B10 SYS-1 NORTH1 VAV1500A
C21B10 SYS-1 NORTH2 VAV1200A
C21B10 SYS-1 SOUTH1 VAV2500A
C21B10 SYS-1 SOUTH2 VAV2500A
C21B10 SYS-1 WEST2 VAV2000A
C21B10 SYS-2 INT1 VAV600A
C21B10 SYS-2 INT2 VAV900A
C22C16 SYS-1 ZONE1E VAV1500A
C22C16 SYS-1 ZONE1! VAV900A
C22C16 SYS-1 ZONE1N VAV1200A
C22C16 SYS-1 ZONE1S VAV1500A
C22C16 SYS-1 ZONE3| VAV900A
C22C16 SYS-1 ZONE3S VAV1200A
C22C16 SYS-2 ZONE1W VAV1500A
C22C16 SYS-2 ZONE3E VAV2000A
C22C16 SYS-2 ZONE3N VAV1200A
C22C16 SYS-2 ZONE3W VAV2000A
E21B16 SYS-1 EAST1 VAV1200A
E21B16 SYS-1 EAST2 VAV1200A
E21B16 SYS-1 INT1 VAV900A
E21B16 SYS-1 INT2 VAV900A
E21B16 SYS-1 NORTH1 VAVG00A
E21B16 SYS-1 NORTH2 VAV900A
E21B16 SYS-1 SOUTH1 VAV1500A
E21B16 SYS-1 SOUTH2 VAV1500A
E21B16 SYS-1 WESTH1 VAV1200A
E21B16 SYS-1 WEST2 VAV1200A
E22B16 SYS-1 EAST1 VAV1200A
E22B16 SYS-1 EAST2 VAV1200A
E22B16 SYS-1 INT1 VAV900A
E22B16 SYS-1 INT2 VAV900A
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Test System Zone Model
E22B16 SYS-1 NORTH!1 VAV900A
E22B16 SYS-1 NORTH2 VAV900A
E22B16 SYS-1 SOUTH1 VAV1500A
E22B16 SYS-1 SOUTH2 VAV1500A
E22B16 SYS-1 WESTH1 VAV1200A
E22B16 SYS-1 WEST2 VAV1500A
E23B16 SYS-1 EAST1 VAV1200A
E23B16 SYS-1 EAST2 VAV1200A
E23B16 SYS-1 INT1 VAV900A
E23B16 SYS-1 INT2 VAV1200A
E23B16 SYS-1 NORTH1 VAV900A
E23B16 SYS-1 NORTH2 VAV900A
E23B16 SYS-1 SOUTH1 VAV1500A
E23B16 SYS-1 SOUTH2 VAV1500A
E23B16 SYS-1 WESTH1 VAV1500A
E23B16 SYS-1 WEST2 VAV1500A
E24B12 SYS-1 EAST1 VAV1200H
E24B12 SYS-1 EAST2 VAV1200H
E24B12 SYS-1 INT1 VAV900H
E24B12 SYS-1 INT2 VAV900H
E24B12 SYS-1 NORTH/1 VAV900H
E24B12 SYS-1 NORTH2 VAV900H
E24B12 SYS-1 SOUTH1 VAV2000H
E24B12 SYS-1 SOUTH2 VAV2000H
E24B12 SYS-1 WEST1 VAV1500H
E24B12 SYS-1 WEST?2 VAV2000H
E25B12 SYS-1 EAST1 VAV1200H
E25B12 SYS-1 EAST2 VAV1500H
E25B12 SYS-1 INT1 VAV900H
E25B12 SYS-1 INT2 VAV900H
E25B12 SYS-1 NORTH/1 VAV900H
E25B12 SYS-1 NORTH2 VAV1200H
E25B12 SYS-1 SOUTH1 VAV2000H
E25B12 SYS-1 SOUTH2 VAV2000H
E25B12 SYS-1 WESTH1 VAV1500H
E25B12 SYS-1 WEST?2 VAV2000H
E26B12 SYS-1 EAST1 VAV1500H
E26B12 SYS-1 EAST2 VAV1500H
E26B12 SYS-1 INT1 VAV900H
E26B12 SYS-1 INT2 VAV1200H
E26B12 SYS-1 NORTH!1 VAV1200H
E26B12 SYS-1 NORTH2 VAV1200H
E26B12 SYS-1 SOUTH1 VAV2000H
E26B12 SYS-1 SOUTH2 VAV2000H
E26B12 SYS-1 WESTH1 VAV1500H
E26B12 SYS-1 WEST2 VAV2000H
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Test System Zone Model
F13B12 SYS-1 EAST1 VAV2000H
F13B12 SYS-1 EAST2 VAV2000H
F13B12 SYS-1 NORTH1 VAV1200H
F13B12 SYS-1 NORTH2 VAV1500H
F13B12 SYS-1 SOUTH1 VAV2000H
F13B12 SYS-1 SOUTH2 VAV2500H
F13B12 SYS-1 WEST1 VAV2000H
F13B12 SYS-1 WEST2 VAV2000H
F14B12 SYS-1 EAST1 VAV1500H
F14B12 SYS-1 EAST2 VAV2000H
F14B12 SYS-1 NORTH1 VAV1200H
F14B12 SYS-1 NORTH2 VAV1200H
F14B12 SYS-1 SOUTH1 VAV2000H
F14B12 SYS-1 SOUTH2 VAV2000H
F14B12 SYS-1 WEST1 VAV2000H
F14B12 SYS-1 WEST2 VAV2000H
G15B03 SYS-1 EAST1 VAV3000A
G15B03 SYS-1 EAST2 VAV3500A
G15B03 SYS-1 NORTH1 VAV2000A
G15B03 SYS-1 NORTH2 VAV2000A
G15B03 SYS-1 SOUTH1 VAV3500A
G15B03 SYS-1 SOUTH2 VAV4000A
G15B03 SYS-1 WEST1 VAV3500A
G15B03 SYS-1 WEST2 VAV3500A
G15B03 SYS-2 INT1 VAV300A
G15B03 SYS-2 INT2 VAV450A
G16B16 SYS-1 EAST1 VAVG00A
G16B16 SYS-1 EAST2 VAV900A
G16B16 SYS-1 NORTH1 VAV450A
G16B16 SYS-1 NORTH2 VAV450A
G16B16 SYS-1 SOUTH1 VAV900A
G16B16 SYS-1 SOUTH2 VAV900A
G16B16 SYS-1 WEST1 VAV900A
G16B16 SYS-1 WEST2 VAV900A
G16B16 SYS-2 INT1 VAV1200A
G16B16 SYS-2 INT2 VAV1500A
021B13 SYS-1 EAST1 VAV2000A
021B13 SYS-1 EAST2 VAV2000A
021B13 SYS-1 INT1 VAV900A
021B13 SYS-1 INT2 VAV1200A
021B13 SYS-1 NORTH1 VAV1200A
021B13 SYS-1 NORTH2 VAV1500A
021B13 SYS-1 SOUTH1 VAV2000A
021B13 SYS-1 SOUTH2 VAV2500A
021B13 SYS-1 WEST1 VAV2000A
021B13 SYS-1 WEST2 VAV2000A

Appendix NF - Technical Databases for Test Runs



2005 Nonresidential ACM Manual, Express Terms, 15-Day Language Page NF-29
Test System Zone Model
022B13 SYS-1 EAST1 VAV2000A
022B13 SYS-1 EAST2 VAV2000A
022B13 SYS-1 INT1 VAV900A
022B13 SYS-1 INT2 VAV1200A
022B13 SYS-1 NORTH1 VAV1200A
022B13 SYS-1 NORTH2 VAV1500A
022B13 SYS-1 SOUTH1 VAV2000A
022B13 SYS-1 SOUTH2 VAV2500A
022B13 SYS-1 WESTH1 VAV2000A
022B13 SYS-1 WEST2 VAV2000A
023B13 SYS-1 EAST1 VAV2000A
023B13 SYS-1 EAST2 VAV2000A
023B13 SYS-1 INT1 VAV900A
023B13 SYS-1 INT2 VAV1200A
023B13 SYS-1 NORTH1 VAV1200A
023B13 SYS-1 NORTH2 VAV1500A
023B13 SYS-1 SOUTH1 VAV2000A
023B13 SYS-1 SOUTH2 VAV2500A
023B13 SYS-1 WEST1 VAV2000A
023B13 SYS-1 WEST?2 VAV2000A
024B13 SYS-1 EAST1 VAV2000A
024B13 SYS-1 EAST2 VAV2000A
024B13 SYS-1 INT1 VAV900A
024B13 SYS-1 INT2 VAV1200A
024B13 SYS-1 NORTH1 VAV1200A
024B13 SYS-1 NORTH2 VAV1500A
024B13 SYS-1 SOUTH1 VAV2000A
024B13 SYS-1 SOUTH2 VAV2500A
024B13 SYS-1 WEST1 VAV2000A
024B13 SYS-1 WEST2 VAV2000A
041B13 SYS-1 EAST1 VAV2000L
041B13 SYS-1 EAST2 VAV2000L
041B13 SYS-1 INT1 VAV900L
041B13 SYS-1 INT2 VAV1200L
041B13 SYS-1 NORTH1 VAV1200L
041B13 SYS-1 NORTH2 VAV1500L
041B13 SYS-1 SOUTH1 VAV2000L
041B13 SYS-1 SOUTH2 VAV2500L
041B13 SYS-1 WEST1 VAV2000L
041B13 SYS-1 WEST2 VAV2000L
061B11 SYS-1 EAST1 VAV2000A
061B11 SYS-1 EAST2 VAV2000A
061B11 SYS-1 INT1 VAV900A
061B11 SYS-1 INT2 VAV1200A
061B11 SYS-1 NORTH1 VAV1200A
061B11 SYS-1 NORTH2 VAV1500A
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061B11 SYS-1 SOUTH1 VAV2000A
061B11 SYS-1 SOUTH2 VAV2500A
061B11 SYS-1 WEST1 VAV2000A
061B11 SYS-1 WEST2 VAV2000A
062B11 SYS-1 EAST1 VAV2000A
062B11 SYS-1 EAST2 VAV2000A
062811 SYS-1 INT1 VAV900A
062B11 SYS-1 INT2 VAV1200A
062B11 SYS-1 NORTH1 VAV1200A
062B11 SYS-1 NORTH2 VAV1500A
062B11 SYS-1 SOUTH1 VAV2000A
062811 SYS-1 SOUTH2 VAV2500A
062811 SYS-1 WEST1 VAV2000A
062B11 SYS-1 WEST2 VAV2000A
063B11 SYS-1 EAST1 VAV2000A
063B11 SYS-1 EAST2 VAV2000A
063B11 SYS-1 INT1 VAV900A
063B11 SYS-1 INT2 VAV1200A
063B11 SYS-1 NORTH1 VAV1200A
063B11 SYS-1 NORTH2 VAV1500A
063B11 SYS-1 SOUTH1 VAV2000A
063B11 SYS-1 SOUTH2 VAV2500A
063B11 SYS-1 WEST1 VAV2000A
063B11 SYS-1 WEST2 VAV2000A
064B11 SYS-1 EAST1 VAV2000A
064B11 SYS-1 EAST2 VAV2000A
064811 SYS-1 INT1 VAV900A
064B11 SYS-1 INT2 VAV1200A
064B11 SYS-1 NORTH1 VAV1200A
064B11 SYS-1 NORTH2 VAV1500A
064B11 SYS-1 SOUTH1 VAV2000A
064B11 SYS-1 SOUTH2 VAV2500A
064B11 SYS-1 WEST1 VAV2000A
064B11 SYS-1 WEST2 VAV2000A
065811 SYS-1 EAST1 VAV2000A
065811 SYS-1 EAST2 VAV2000A
065811 SYS-1 INT1 VAV900A
065811 SYS-1 INT2 VAV1200A
065811 SYS-1 NORTH1 VAV1200A
065811 SYS-1 NORTH2 VAV1500A
065B11 SYS-1 SOUTH1 VAV2000A
065811 SYS-1 SOUTH2 VAV2500A
065B11 SYS-1 WEST1 VAV2000A
065B11 SYS-1 WEST2 VAV2000A
066B12 SYS-1 EAST1 VAV2000A
066B12 SYS-1 EAST2 VAV2000A
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Test System Zone Model
066B12 SYS-1 INT1 VAV900A
066B12 SYS-1 INT2 VAV1200A
066B12 SYS-1 NORTH1 VAV1200A
066B12 SYS-1 NORTH2 VAV1500A
066B12 SYS-1 SOUTH!1 VAV2000A
066B12 SYS-1 SOUTH2 VAV2500A
066B12 SYS-1 WEST1 VAV2000A
066B12 SYS-1 WEST2 VAV2000A
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Table NF-19 — ACM PACKAGE UNITS SELECTED

Test System Model
A11B13 SYS-1 ACSP34L
A11B13 SYS-2 ACSP34L
A11B13 SYS-3 ACSP34L
A11B13 SYS-4 ACSP34L
A11B13 SYS-5 ACSP34L
A11B13 SYS-6 ACSP34L
A11B13 SYS-7 ACSP34L
A11B13 SYS-8 ACSP34L
A12B13 SYS-1 ACLP025A
A13B06 SYS-1 ACLP020A
A14B16 SYS-1 ACLP020A
A15B03 SYS-1 ACSP28L
A15B03 SYS-2 ACSP28L
A15B03 SYS-3 ACSP28L
A15B03 SYS-4 ACSP28L
A15B03 SYS-5 ACSP28L
A15B03 SYS-6 ACSP28L
A15B03 SYS-7 ACSP28L
A15B03 SYS-8 ACSP28L
A16B13 SYS-1 ACSP28L
A16B13 SYS-2 ACSP28L
A16B13 SYS-3 ACSP28L
A16B13 SYS-4 ACSP28L
A16B13 SYS-5 ACSP28L
A16B13 SYS-6 ACSP28L
A16B13 SYS-7 ACSP28L
A16B13 SYS-8 ACSP28L
A17B16 SYS-1 ACLPO15A
B11B13 SYS-1 ACLPO40L
B12B13 SYS-1 ACLP040L
B13B13 SYS-1 ACLP040L
B14B06 SYS-1 ACLP040H
B15B16 SYS-1 ACLP040H
B21B12 SYS-1 ACLPO30A
B22B12 SYS-1 ACLPO025A
B23B12 SYS-1 ACLPO30A
B24B03 SYS-1 ACLP025A
B31D12 SYS-1 ACLPO07A
B32D12 SYS-1 ACLPO07A
C11A10 SYS-1 ACLPO15A
C12A10 SYS-1 ACLPO15A
C13A10 SYS-1 ACLP025A
C14A10 SYS-1 ACLPO10A
C15A10 SYS-1 ACLPO10A
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Test System Model
C21B10 SYS-1 ACLPO30A
C21B10 SYS-2 ACSP46A
C21B10 SYS-3 HEATO045A
C21B10 SYS-4 HEATO063A
D11D12 SYS-1 ACSP63A
D12D12 SYS-1 ACSP63A
D13D07 SYS-1 ACSP52A
D14D07 SYS-1 ACSP52A
E11D16 SYS-1 ACSP22A
E12D16 SYS-1 ACSP28A
E13D16 SYS-1 ACSP28A
E14D14 SYS-1 ACSP40A
E15D14 SYS-1 ACSP40A
E16D14 SYS-1 ACSP52A
E21B16 SYS-1 ACLP025A
E22B16 SYS-1 ACLPO30A
E23B16 SYS-1 ACLPO30A
E24B12 SYS-1 ACLPO30H
E25B12 SYS-1 ACLP040H
E26B12 SYS-1 ACLP040H
F13B12 SYS-1 ACLP040H
F14B12 SYS-1 ACLP040H
G11A11 SYS-1 ACLP025A
G12A11 SYS-1 ACLPO07A
G15B03 SYS-1 ACLPO15A
G15B03 SYS-2 ACLPO07A
G16B16 SYS-1 ACLPO60A
G16B16 SYS-2 ACSP22A
O31A12 SYS-1 ACLPO15A
032A12 SYS-1 ACLPO10H
0O33A12 SYS-1 ACLPO10H
041B13 SYS-1 ACLPO40L
O81A11 SYS-1 ACLPO15A
082A15 SYS-1 ACLPO15A
OC1A09 SYS-1 NOHVAC
OC2A09 SYS-1 NOHVAC
OC3A09 SYS-1 ACLPO15H
OC4A09 SYS-1 ACLPO10A
OC4A09 SYS-2 ACLPO10A
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Table NF-20 — ACM WATER LOOP HEAT PUMP SELECTED

Test System Zone Model
071B12 SYS-1 EAST1 WHPO60A
071B12 SYS-1 EAST2 WHPO060A
071B12 SYS-1 INT1 WHPO036A
071B12 SYS-1 INT2 WHP042A
071B12 SYS-1 NORTH1 WHP042A
071B12 SYS-1 NORTH2 WHPO042A
071B12 SYS-1 SOUTH1 WHPO072A
071B12 SYS-1 SOUTH2 WHPO072A
071B12 SYS-1 WEST1 WHPO60A
071B12 SYS-1 WEST2 WHPO072A
Table NF-21 — ACM EVAPORATIVE COOLING EQUIPMENT SELECTED

Test System Model

091A13 SYS-1 EVAP2500AIB
092A11 SYS-1 EVAP2500AID
093A11 SYS-1 EVAP2500AID
094A13 SYS-1 EVAP2500AID
Table NF-22 — FAN COIL UNITS SELECTED

Test System Zone Model
C22C16 SYS-3 ZONE2E FCO035A
C22C16 SYS-3 ZONEZ2I FCO013A
C22C16 SYS-3 ZONE2N FC021A
C22C16 SYS-3 ZONE2S FCO056A
C22C16 SYS-3 ZONE2W FC042A
Table NF-23 — ACM HEAT PUMP EQUIPMENT SELECTED

Test System Model

F11A07 SYS-1 HPSP126H

F12A13 SYS-1 HPSP162A

G13A11 SYS-1 HPSP222H

G14A11 SYS-1 HPSP90A
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Table NF-24 — ACM SYSTEM EQUIPMENT SELECTED

Test System Model

C22C16 SYS-1 SYS0250A
C22C16 SYS-2 SYS0250A
021B13 SYS-1 SYS0500A
022B13 SYS-1 SYS0500A
023B13 SYS-1 SYS0500A
024B13 SYS-1 SYS0500A
061B11 SYS-1 SYS0625A
062B11 SYS-1 SYS0625A
063B11 SYS-1 SYS0625A
064B11 SYS-1 SYS0625A
065B11 SYS-1 SYS0625A
066B12 SYS-1 SYS0500A

Table NF-25 - ACM CENTRAL COOLING EQUIPMENT SELECTED

Test Model

C22C16 COOLO0900A
C22C16 TOWER0930
021B13 COOLO0480A
021B13 TOWER0930
022B13 COOLO0480A
022B13 TOWERO0930
023B13 COOLO0480A
023B13 TOWERO0930
024B13 COOLO0480A
024B13 TOWERO0930
061B11 ABSOR10480A
061B11 TOWER1250
062B11 ABSOR20480A
062B11 TOWER0930
063B11 ABSORGO0480A
063B11 TOWER0930
064B11 COOLO0480A
064B11 TOWERO0930
065B11 COOLO0480A
065B11 TOWERO0930
066B12 COOLO0480A
066B12 TOWERO0930
071B12 TOWER0220
071B12 TOWER0930
071B12 TOWER4300
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Table NF-26 — ACM BOILER SELECTION

Test Model

A12B13 BOILER00250A
A13B06 BOILER00250A
A14B16 BOILER00250A
A17B16 BOILER00250A
B11B13 BOILER00500L
B12B13 BOILER00500L
B13B13 BOILER00500L
B14B06 BOILER00250H
B15B16 BOILER00250H
B21B12 BOILER00250A
B22B12 BOILER00250A
B23B12 BOILER00250A
B24B03 BOILER00250A
C21B10 NOBOILER
C22C16 BOILER01000A
E21B16 BOILER00250A
E22B16 BOILER00250A
E23B16 BOILER0O0500A
E24B12 BOILER00250H
E25B12 BOILER00250H
E26B12 BOILER00250H
F13B12 NOBOILER
F14B12 NOBOILER
G15B03 NOBOILER
G16B16 NOBOILER
021B13 BOILERO0500A
022B13 BOILER0O0500A
023B13 BOILER0O0500A
024B13 BOILER0O0500A
041B13 BOILER00500L
061B11 BOILER01500A
062B11 BOILER0O0750A
063B11 BOILEROO500A
064B11 BOILEROO500A
065B11 BOILEROO500A
066B12 BOILERO0500A
071B12 BOILERO0500A
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ACM NG-2005

Appendix NG - Standard Procedure for Determining the
Seasonal-Energy Efficiencies of Single-Zone
Nonresidential Air Distribution Systems in Buffer Spaces

or Qutdoorsthe-Space Between-anlnsulated Celling-and
Hape—sroes

NG.1 Purpose and Scope

ACM NG contains procedures for measuring the air leakage in single zone, nonresidential air distribution
systems and for calculating the annual and hourly duct system efficiency for energy calculations. The methods
described here apply to single zone, constant volume heating and air conditioning systems serving zones with
5000 ft° of floor area or less, with duct systems located in unconditioned or semi-conditioned buffer spaces or
outdoors. These calculations apply to new buildings or new air conditioning systems applied to existing

buildings.

NG.2 Definitions

aerosol sealant closure system: A method of sealing leaks by blowing aerosolized sealant particles into the
duct system and-which must include minute-by-minute documentation of the sealing process.

buffer space: an unconditioned or indirectly conditioned space located between a ceiling and the roof.

cool roof-: a roofing material with high thermal emittance and high solar reflectance, or lower thermal

emittance and exceptionally high solar reflectance as specified in Standards § 118 (i) that reduces heat gain
through the roof.

delivery effectiveness-:_The ratio of the thermal energy delivered to the conditioned space and the thermal
energy entering the distribution system at the equipment heat exchanger.

distribution system efficiency-:_The ratio of the thermal energy consumed by the equipment with the |
distribution system to the energy consumed if the distribution system had no losses or impact on the equipment
or building loads.

equipment efficiency-:_The ratio between the thermal energy entering the distribution system at the |
equipment heat exchanger and the energy being consumed by the equipment.

equipment factor : F.q, is the ratio of the equipment efficiency including the effects of the distribution |
system to the equipment efficiency of the equipment in isolation.
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fan flowmeter device: A device used to measure air flow rates under a range of test pressure differences.

floor area-: The floor area of enclosed conditioned space on all floors of a building, as measured at the floor
level of the exterior surfaces enclosing the conditioned space.

Flow capture hood: A device used to capture and measure the airflow at a register.

load factor : F\,.q is the ratio of the building energy load without including distribution effects to the load
including distribution system effects.

pressure pan : a device used to seal individual forced air system registers and to measure the static pressure
from the register.

recovery factor : F,., is the fraction of energy lost from the distribution system that enters the conditioned
space.

thermal regain: The fraction of delivery system losses that are returned to the building.

Appendix NG - Standard Procedure for Determining the Energy Efficiencies of Single-Zone Nonresidential Air
Distribution Systems in Buffer Spaces or Outdoors




2005 Nonresidential ACM Manual, Express Terms, 15-Day Language Page NG-3

NG.3 Nomenclature
a, = duct leakage factor (1-return leakage) for return ducts
as = duct leakage factor (1-supply leakage)p for supply ducts

Aductbutier = total supply plus return duct area in buffer space, ft?

Aduct outdoor_=_total supply plus return duct area located outdoors, ft?

Aquctn = total supply plus return duct area in space n, ft?

Asoor = -conditioned floor area of building , ft?

) _ f £ id e Fg
A burrer = return duct surface area in buffer space, ft*

Zir.ourier.

A 1o1a = total return duct surface area, ft*

Z2rtotal.

A = ot inattic_#°

A butrer = sUpply duct surface area in buffer space, ft°

Z23s,burrer.

As 1otal = total supply duct surface area, ft?
A aic-=SUpPIy-duct area in-atti g2
Asybase;se%duetaream—basement—ftg

A crani-=Supply-duct-area-in-crawlspace. it
A&ga;;wppbfduet_a#earinsideugarage,—ﬁg

A i-=supply-duct area-inside-conditioned-space

Auais = area of buffer space exterior walls, ft*

Ao = area of buffer space roof, ft?

B, = conduction fraction for return

Bs = conduction fraction for supply
Co = specific heat of air = 0.24 Btu/(lb-°F)

Cp1, Co, Cr, C, regression coefficients for hourly model

DE = delivery effectiveness

DE g = . . focti

DE-seasonal = Seasonal delivery effectiveness

E.quip = rate of energy exchanged between equipment and delivery system, Btu/hour

Ey = hourly HVAC system enerqgy input (kW for electricity, therms for gas)

Feycioss = cyclic loss factor

Fequip = l0ad factor for equipment
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Eqou=oad-factor for fan-f . . fici
Fieak = fraction of system fan flow that leaks out of supply or return ducts
Fioaq = load factor for delivery system

Frecov = thermal loss recovery factor

Fregain = thermal regain factor

h,_= outside roof surface convection coefficient, = 3.4 Btu/hr ft*°F

Inor = global solar radiation on horizontal surface, Btu/hr ft?

K: = return duct surface area coefficient

Ks = supply duct surface area coefficient

Nstory = Number of stories of the building

P, = pressure difference between supply plenum and conditioned space [Pa]
Piest = test pressure for duct leakage [Pa]

Quurer = buffer space infiltration rate, cfm

Q. = Flow-through-air-handlerfan-at-operating-conditions,—cfmFlow through air handler at 400 cfm/rated ton

with rated tons defined by unit scheduled capacity at the conditions the unit’'s ARI rating standard from Section
112 of the Standard. Airflow through heating only furnaces shall be based on a 21.7 cfm/kBtuh rated output

capacity.
Quotal 25 = total duct leakage at 25 Pascal, cfm

R, = thermal resistance of return duct, h ft? °F/Btu
R, = thermal resistance of supply duct, h ft? °F/Btu

Tamb.cool = c00ling season ambient temperature, °F

Tamb heat = heating season ambient temperature, °F

Tamb,r = ambient temperature for return-, °F
Tamb,s = ambient temperature for supply-, °F
Tauic=attic-air temperature - F
Foose—return-ducttemperature-in-basementF
Foram—return-duct temperature-incrawlspace;F
Teesign=o0utdoorair design-temperature - F
e
Toa=temperature of garage-air F

Tin = temperature of indoor air-, °F

T., = return plenum air temperature . F
Fooasona-——Outdoorair seasonal-temperatureF

Tsomir = sol-air temperature, °F

Tsp = supply plenum air temperature-, °F

UA, = UA value for the interface between the conditioned space and the buffer space, Btu/°F

UAais__= UA value for the buffer space exterior walls, Btu/°F
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UAnor = UA value for the buffer space exterior roof, Btu/°F

UA; = UA value for the interface between the conditioned space and the buffer space, Btu/°F
ZLC._ = zone loss coefficient for the interface between the conditioned space and the buffer space, Btu/°F
ZLCotal = sum of all the zone loss coefficients for the buffer space , Btu/°F

o = solar absorptivity of roof, = 0.70 for standard roof; 0.45 for cool roof, 0.0 for ducts located outdoors

AT, = temperature rise across heat exchanger-, °F
AT, = temperature difference between indoors and the ambient for the return-, °F
AT = temperature difference between indoors and the ambient for the supply, °F

AT, = reduction of sol-air temperature due to sky radiation, = 6.5°F for standard roof and cool roof, 0.0°F for
ducts located outdoors, °F.

AT

sol,hr

= hourly difference between sol-air and indoor temperatures, °F

AT, season=_€nergy weighted seasonal average difference between sol-air and indoor temperatures, °F

.y =_hourly distribution efficiency adjustment factor

Tdistseasonal = S€asonal distribution system efficiency
Ngistrr.=_hourly distribution system efficiency
p = density of air = 0.075, Ib/ft®
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NG.4 Air Distribution Diagnostic Measurement and Default Assumptions

NG.4.1 Instrumentation Specifications

The instrumentation for the air distribution diagnostic measurements shall conform to the following
specifications:

NG.4.1.1 Pressure Measurements

All pressure measurements shall be measured with measurement systems (i.e. sensor plus data acquisition
system) having an accuracy of £ 0.2 Pa. All pressure measurements within the duct system shall be made with
static pressure probes.

NG.4.1.23 Duct Leakage Measurements

The measurement of air flows during duct leakage testing shall have an accuracy of +3% of measured flow
using digital gauges.

All instrumentation used for fan-flow-and-duct leakage diagnostic measurements shall be calibrated according
to the manufacturer’s calibration procedure to conform to the above accuracy requirement. All testers
performing diagnostic tests shall obtain evidence from the manufacturer that the equipment meets the accuracy
specifications. The evidence shall include equipment model, serial number, the name and signature of the
person of the test laboratory verifying the accuracy, and the instrument accuracy. All diagnostic testing
equipment is subject to re-calibration when the period of the manufacturer’s guaranteed accuracy expires.

NG.4.2 Apparatus

NG.4.2.1 Duct LeakagePressurization

The apparatus for fan pressurization duct leakage measurements shall consist of a duct pressurization and
flow measurement device meeting the specifications in Section NG.4.1.23. |
NG.4.3 Procedure

The following sections identify input values for building and HVAC system (including ducts) using either default
or diagnostic information.

NG.4.3.1 Building Information_and Defaults

The calculation procedure for determining air distribution efficiencies requires the following building information:
1. climate zone for the building,

. conditioned floor area, and

. number of stories,

. areas and U-values of surfaces enclosing space between the roof and a ceiling, and

a [ W N

. surface area of ductwork if ducts are located outdoors or in multiple spaces.
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Using default values rather than diagnostic procedures produce relatively low air distribution-system
efficiencies.

Default values shall be obtained from following sections:

1. the location of the duct system in Section NG.4.3.4,

2. the surface area and insulation level of the ducts in Sections NG.4.3.3, NG.4.3.4 and NG.4.3.6,
3. the system fan flow in Section NG.4.3.7, and

4. the leakage of the duct system in Section NG.4.3.8.

NG.4.3.2 Diagnostic Input

Diagnostic inputs are used for the calculation of improved duct efficiency. The diagnostics include observation
of various duct characteristics and measurement of duct leakage and system fan flows as described in
Sections NG.4.3.5 through NG.4.3.8. These observations and measurements replace those assumed as
default values.

The diagnostic procedures include:

= Mmeasurement of total duct system leakage as described in Section NG.4.3.8.

= Measurement of duct surface area if ducts are located outdoors or in multiple spaces as described in
Section 4.3.3.

= Observe-Observation of the insulation level for the supply (Rs) and return (R;) ducts outside the conditioned

space as described in Section NG.4.3.6.

= Observe-ation of the presence of a cool roof.

= Observation of thee presence of an outdoor air economizer.

NG.4.3.3 Duct Surface Area

The supply-side and return-side duct surface areas shall be calculated separately. If the supply or return duct
is located in more than one-zenespace, the area of that duct in each zerespace shal-may-shall be calculated
separately. The duct surface area shall be determined using one of the following methods.

NG.4.3.3.1 Default Duct Surface Area

The default duct surface area for supply and return shall be calculated as follows:

For supplies:

Equation NG-1 As’total = Ks AﬂOOI‘

Where K (supply duct surface area coefficient) shall be 4-0.25 for systems serving the topene story

buildingsonly, 0.125 for systems serving the top story plus one othertweo-story-buildings, and 0.0833 for
systems servings three or more stories-stery-buildings.

For returns:

Equation NG-2 Artotal = Kr Afloor

Where K. (return duct surface area coefficient) shall be 0.105 for systems serving the top story only, 0.125 for
systems serving the top story plus one other, and 0.08 for systems servings three or more stories.fer-one-story

building-and-0-1-fortwo-ormore-stories.
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If ducts are located outdoors, the outdoor duct surface area shall be calculated from the duct layout on the
plans using measured duct lengths and nominal inside diameters (for round ducts) or inside perimeters (for
rectanqular ducts) of each outdoor duct run in the building that is within the scope of the calculation procedure.
When using the default duct area, outdoor supply duct surface area shall be less than or equal to the default
supply duct surface area; outdoor return duct surface area shall be less than or equal to the default return duct
surface area.

The surface area of ducts located in the buffer space between ceilings and roofs shall be calculated from:

A

Equation NG-3 A putrer = A

s,total ~ 4 *s,outdoors

Equation NG-4 A putrer = A A

r,total ~ 4} r,outdoors

NG4.3.3.2 Measured Duct Surface Area

Measured duct surface areas shall be used when the outdoor duct surface area measured from the plans is
greater than default duct surface area for either supply ducts or return ducts. If a duct system passes through
multiple spaces that have different ambient temperature conditions as specified in Section 4.3.5, the duct
surface area shall be measured for each space individually. The duct surface area shall be calculated from
measured duct lengths and nominal inside diameters (for round ducts) or inside perimeters (for rectangular
ducts) of each duct run located in buffer spaces or outdoors.

NG.4.3.4 Duct Location

Duct systems covered by this procedure are those specified in the Standards § 144(k)3.

NG.4.3.5 Climate and Duct Ambient Conditions for-Ducts-in-the- Space-Between-an-Insulated-Ceiling
arettheReed

Duct ambient temperatures for both heating and cooling shall be obtained from Tables NG-1a to NG-1e. The
duct ambient temperatures for the cool roofs from Table NG-1c shall be used for ducts located in unconditioned
spaces other than attics and outside. Indoor dry-bulb (T;,) temperature -for cooling is 78°F. The indoor dry-bulb
temperature for heating is 70°F.
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Table NG-1a Default Assumptions for Duct Ceiling/Roof Space Ambient Temperature, Ceiling Insulation, No

roof insulation, Non-vented Attic

IAPLES ARE MO YET RORULATED. S RECULTE ARE STULL DEC REVIENIED.

Page NG-9

Climate Duct Ambient Duct Ambient Duct Ambient Duct Ambient Duct Ambient
zone Temperature for Temperature for Temperature for Temperature for Temperature for
Heating, T amb Cooling, T amb,, Cooling, Cooling, T,amb, Cooling,
heat cool T amb.,, cool cool T amb.,, cool
Fheatamb Standard roof Cool roof without Standard roof Cool roof with
without economizer with economizer | economizer
economizerFeook;
B
1 47.352.0 78.066:6 72.4 81.4 75.3
2 41.848.0 93.287.0 84.8 97.1 88.2
3 47.855.0 83.580:0 771 86.6 79.8
4 43.953.0 89.179:0 82.0 92.0 84.5
5 46.249.0 83.874-0 77.5 86.0 79.3
6 50.85%:0 85.481.0 79.4 87.3 81.1
7 49.362.0 86.874-0 80.7 88.7 82.3
8 47.358-0 91.386:6 84.2 931 85.9
9 48.753-0 92.587%:6 854 944 87.2
10 45.783.0 95.994-6 87.9 98.2 90.0
11 43.948.0 95.595:6 88.1 98.4 90.5
12 44.256-0 94.394-6 86.7 97.3 89.3
13 43.348:0 100.992.6 92.5 103.6 94.9
14 37.239:0 99.099-6 90.6 102.7 93.8
15 47.250-6 102.9402. 95.8 104.3 97.1
16 37.932:0 92.080:0 83.8 96.3 87.5
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Table NG-1b Default Assumptions for Duct Ceiling/Roof Space Ambient Temperature, Ceiling Insulation, No

roof insulation, Vented Attic

IAPLES ARE MO YET RORULATED. NS RECULTE ARE STUL DERC REVIENIED .

Duct Ambient

Climate Duct Ambient Duct Ambient Duct Ambient Duct Ambient
zone Temperature for Temperature for Temperature for Temperature for Temperature for
Heating Cooling Cooling Cooling, T amb, cool Cooling,
T amb. heat T amb.. cool T amb. cool Standard roof with | T amb,, cool
Standard roof Cool roof without economizer Cool roof with
without economizer economizer
economizer
1 48.6 73.7 69.8 76.7 72.5
2 43.4 87.9 82.2 91.7 85.7
3 48.9 79.2 74.8 82.1 774
4 45.1 84.4 79.5 87.1 81.9
5 477 797 754 81.9 773
6 51.8 81.0 76.8 81.0 785
7 50.6 824 781 841 797
8 48.7 86.4 815 88.2 83.2
9 49.3 88.4 834 90.2 85.1
10 471 90.9 854 93.2 87.6
i} 44.8 90.9 85.8 93.7 88.3
12 45.2 89.6 84.4 92.5 87.0
13 44.5 95.1 89.3 97.7 91.7
14 38.6 93.7 87.8 97.2 91.0
15 48.4 98.6 93.7 100.1 95.1
16 38.7 86.9 81.1 91.1 84.9
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Table NG-1c Default Assumptions for Duct Ceiling/Roof Space Ambient Temperature, Ceiling Insulation, Roof

insulation, Non-vented Attic

IAPLES ARE MO ET RORULATED. NS RECULTE ARE ST DENC REVIENED.

Duct Ambient

Climate Duct Ambient Duct Ambient Duct Ambient Duct Ambient
zone Temperature for Temperature for Temperature for Temperature for Temperature for
Heating Cooling Cooling Cooling, T amb, cool Cooling,
T amb. heat T amb.. cool T amb. cool Standard roof with | T amb,, cool
Standard roof Cool roof without economizer Cool roof with
without economizer economizer
economizer
1 56.4 77.6 74.8 79.9 76.9
2 54.8 86.9 82.8 89.7 854
3 56.4 81.1 77.9 83.3 79.9
4 54.6 84.9 81.3 87.0 83.3
5 56.6 813 782 82.9 796
6 571 83.9 80.1 85.5 81.6
7 557 84.9 811 86.5 825
8 54.5 88.0 83.6 89.5 85.0
9 59.9 83.6 81.6 84.2 821
10 55.9 89.4 85.6 91.2 87.2
i} 53.1 89.7 86.1 91.8 87.9
12 53.7 88.7 84.8 90.9 86.8
13 53.6 93.1 89.0 95.2 90.9
14 48.7 91.9 87.6 94.7 90.1
15 56.1 95.9 92.3 97.0 934
16 48.5 86.6 824 89.6 85.1

Appendix NG - Standard Procedure for Determining the Energy Efficiencies of Single-Zone Nonresidential Air

Distribution Systems in Buffer Spaces or Outdoors

Page NG-11




2005 Nonresidential ACM Manual, Express Terms, 15-Day Language

Table NG-1d Default Assumptions for Duct Ceiling/Roof Space Ambient Temperature, Roof Insulation, No

Ceiling Insulation, Non-vented Attic

IAPLES ARE MO ET RORULATED. NS RECULTE ARE STULL DERC REVIENIED.

Duct Ambient

Climate Duct Ambient Duct Ambient Duct Ambient Duct Ambient
zone Temperature for Temperature for Temperature for Temperature for Temperature for
Heating Cooling Cooling Cooling, T amb, cool Cooling,
T amb. heat T amb.. cool T amb. cool Standard roof with | T amb,, cool
Standard roof Cool roof without economizer Cool roof with
without economizer economizer
economizer
1 59.8 78.5 77.3 79.3 78.0
2 59.0 82.5 80.8 83.5 81.6
3 60.1 80.0 78.6 80.7 79.3
4 58.9 81.6 80.1 82.3 80.7
5 60.0 80.0 786 80.6 791
6 604 812 795 81.8 80.0
7 59.7 817 79.9 82.2 80.5
8 58.8 83.1 811 83.7 817
9 59.9 83.6 81.6 84.2 821
10 58.5 834 81.8 84.0 823
i} 58.5 83.7 82.1 84.3 827
12 58.3 83.2 81.6 83.8 82.1
13 58.3 85.1 83.3 85.7 83.9
14 54.5 84.5 82.8 85.4 83.5
15 58.6 86.1 84.6 86.5 84.9
16 55.6 824 80.7 83.4 81.5

Appendix NG - Standard Procedure for Determining the Energy Efficiencies of Single-Zone Nonresidential Air

Distribution Systems in Buffer Spaces or Outdoors

Page NG-12




2005 Nonresidential ACM Manual, Express Terms, 15-Day Language

Page NG-13

Table NG-1e Default Assumptions for Duct Ambient Temperature, Ducts Located Outdoors

IAPLES ARE MO YET RORULATED NS RECULTE ARE STILL DERC REVIENIED.

Climate zone

Duct Ambient Temperature for

Duct Ambient Temperature for

Duct Ambient Temperature for

Heating

Cooling

Cooling,

Iamb heat Iamb cool Iamb cool

Without economizer With economizer
1 4a7.7 62.7 65.4
2 42.5 76.0 79.7
3 47.6 68.5 713
4 435 733 75.8
5 471 69.5 17
6 50.7 70.0 71.8
7 50.2 71.6 732
8 48.3 74.6 764
9 47.0 781 80.0
10 46.7 79.9 82.1
i} 42.8 81.3 83.8
12 434 794 82.0
13 43.0 83.2 854
14 36.4 81.8 85.1
15 48.1 90.7 92.2
16 35.7 735 78.1

NG.4.3.6 Duct Wall Thermal Resistance
NG.4.3.6.1 Default Duct Insulation R value

Default duct wall thermal resistance for new buildings is R-8.04-2, the mandatory requirement for ducts
installed in newly constructed buildings, additions and new or replacement ducts installed in existing buildings.

Default duct wall thermal resistance for existing ducts in existing buildings is R-4.2. An air film resistance of 0.7

[h ft? °F/BTU] shall be added to the duct insulation R value to account for external and internal film resistance.
NG.4.3.6.2 Diagnostic Duct Wall Thermal Resistance

Duct wall thermal resistance shall be determined from the manufacturer’s specification observed during
diagnostic inspection. If ducts with multiple R values are installed, the lowest duct R value shall be used. If a
duct with a higher R value than 8.04-2 is installed, the R-value shall be clearly stated on the building plans and
a V|sual |nspect|on of the ducts must be performed to verlfy the |nsulat|on values lneaseﬂqe—epaeeen%eef

NG.4.3.7 System-Total Fan Flow

The default-cooling-total fan flow with-for an air conditioner and-for-heating-with-or a heat pump for all climate
zones shall be caleulated-asfollows:

Q. =1.25 Agoor—{4-3)
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equal to 400 cfm/rated ton with rated tons defined by unit scheduled capacity at the conditions the unit's ARI
rating standard from Section 112 of the Standard. Airflow through heating only furnaces shall be based on
21.7 cfm/kBtuh rated output capacity.

NG.4.3.8 Duct Leakage
NG.4.3.8.1 Duct Leakage Factor for Delivery Effectiveness Calculations

Default duct leakage factors for the Proposed Design shall be obtained from Table NG-2, using the “not
Tested” values.

Duct leakage factors for the Standard Design shall be obtained from Table NG-2, using the appropriate
“Tested” value.

Duct leakage factors shown in Table NG-2 shall be used in calculations of delivery effectiveness.

Table NG-2 Duct Leakage Factors

Duct Leakage Diagnostic Test Performed-using | as =ar =
C - - — 200 ! 086
Untested dBuct systems in-buildings-built-after June-2,2004 Not-tested 0.8289
. O £ ! @@125) Tota eakage is 096
—System-tested-after HVAC system completion less-than-0-06 Qe
Sealed and tested duct systems in existing buildings, 0.915
System tested after HYAC equipment and/or duct
-installation
Sealed and tested dustsystems-in-new buildingsduct Lo 2EiTetallenlkeecds 0.96
systems.; lessthan0.06 Qe
System tested after HVAC system installation

NG.4.3.8.2 Diagnostic Duct Leakage

Diagnostic duct leakage measurement is used by installers and raters to verify that total leakage meets the

criteria for any sealed duct system specified in the compliance documents. Table NG-3 shows the leakage
criteria and test procedures that may be used to demonstrate compliance. In addition to the minimum tests
shown, existing duct systems may be tested to show they comply with the criteria for new duct systems.
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Table NG-3 Duct Leakage Tests

Leakage criteria, % of total

Case User and Application fan flow Procedure
Sealed and tested new duct systems Installer Testing 6% NG 4.3.8.2.1
HERS Rater Testing
Sealed and tested altered existing Installer Testing 15% Total Duct Leakage NG 4.3.8.2.1
duct systems HERS Rater Testing
Installer Testing and 60% Reduction in Leakage NG 4.3.8.2.2
Inspection and Visual Inspection RC4.3.6 and
HERS Rater Testing and RC4.3.7
Installer Testing and Fails Leakage Test but All NG 4.3.8.2.3
Inspection Accessible Ducts are Sealed RC4.3.6 and
HERS Rater Testing and And Visual Inspection RC4.3.7

NG.4.3.8.2.1 Diagnestie-Total Duct Leakage Test from Fan Pressurization of Ducts

The objective of this procedure is for an installer to determine or a rater to verify the total leakage of a new or
altered duct system. The total duct leakage shall be determined by pressurizing both the supply and return
ducts to 25 Pascals with all ceiling diffusers/grilles and HVAC equipment installed. When existing ducts are to
be altered, this test shall be performed prior to and after duct sealing. The following procedure shall be used for
the fan pressurization tests:

1. Verify that the air handler, supply and return plenums and all the connectors, transition pieces, duct boots
and reqisters are installed. The entire system shall be included in the test.

2. For newly installed or altered ducts, verify that cloth backed rubber adhesive duct tape has not been used.

3 Seal all the supply and return registers, except for one return register or the system fan access. Verify that
all outside air dampers and /or economizers are sealed prior to pressurizing the system.

2. _Attach the fan flowmeter device to the duct system at the unsealed register or access door.
3. Install a static pressure probe at a supply.

4. _Adjust the fan flowmeter to produce a 25 Pascal (0.1 in water) pressure difference between the supply duct
and the outside or the building space with the entry door open to the outside.

5. Record the flow through the flowmeter (Qiotal 25) - this is the total duct leakage flow at 25 Pascals.

6. Divide the leakage flow by the total fan flow and convert to a percentage. If the leakage flow percentage is
less than 6% for new duct systems or less than 15% for altered duct systems, the system passes.

Duct systems that have passed this total leakage test will be sampled by a HERS rater to show compliance.

NG 4.3.8.2.2 Leakage Improvement from Fan Pressurization of Ducts

For altered existing duct systems which have a higher lekage percentage than the Total Duct leakage criteria in
Section NG 4.3.8.2.1, the objective of this test is to show that the original leakage is reduced through duct
sealing as specified in Table NG-3. The following procedure shall be used:.

1. Use the procedure in NG 4.3.8.2.1 to measure the leakage before commencing duct sealing.

2. After sealing is complete use the same procedure to measure the leakage after duct sealing.
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3. Subtract the sealed leakage from the original leakage and divide the remainder by the original leakage. If
the leakage reduction is 60% or greater of the original leakage, the system passes.

4. Complete the Visual Inspection specified in NG 4.3.8.2.4.

Duct systems that have passed this leakage reduction test and the visual inspection test will be sampled by a
HERS rater to show compliance.

NG 4.3.8.2.3 Sealing of All Accessible Leaks

For altered existing duct systems that do not pass the Total Leakage test (NG 4.3.8.2.1), the objective of this
test is to show that all accessible leaks are sealed and that excessively damaged ducts have been replaced.
The following procedure shall be used:

1. Complete each of the leakage tests

1.  Complete the Visual Inspection as specified in NG 4.3.8.2.4.

All duct systems that could not pass either the total leakage test or the leakage improvement test will be tested
by a HERS rater to show compliance. This is a sampling rate of 100%.

NG 4.3.8.2.4 Visual Inspection of Accessible Duct Sealing

For altered existing duct systems that fail to be sealed to 15% of total fan flow, the objective of this inspection is
to confirm that all accessible leaks have been sealed and that excessively damaged ducts have been replaced.
The following procedure shall be used:

1. Visually inspect to verify that the following locations have been sealed:

e Connections to plenums and other connections to the forced air unit

e Refrigerant line and other penetrations into the forced air unit

e Air handler door panel (do not use permanent sealing material, metal tape is acceptable)

e Register boots sealed to surrounding material

e Connections between lengths of duct, as well as connections to takeoffs, wyes, tees, and splitter
boxes.

2. Visually inspect to verify that portions of the duct system that are excessively damaged have been replaced.
Ducts that are considered to be excessively damaged are:

e Flex ducts with the vapor barrier split or cracked with a total linear split or crack length greater than 12
inches

e Crushed ducts where cross-sectional area is reduced by 30% or more

e Metal ducts with rust or corrosion resulting in leaks greater than 2 inches in any dimension

e Ducts that have been subject to animal infestation resulting in leaks greater than 2 inches in any
dimension

NG 4.3.8.4 Labeling requirements for tested systems

A sticker shall be affixed to the exterior surface of the air handler access door with the following text in 14 point
font:

"The leakage of the air distribution ducts was found to be CFM @ 25 Pascals or % of total fan flow.

This system (check one):

O Has a leakage rate that is equal to or lower than the prescriptive requirement of 6% leakage for new duct
systems or 15% leakage for alterations to existing systems. It meets the prescriptive requirements of California
Title 24 Enerqy Efficiency Standards.
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O Has a leakage rate higher than 6% leakage for new duct systems or 15% leakage for altered existing
systems. It does NOT meet the meet or exceed the prescriptive requirements of the Title 24 standards.
However, all accessible ducts were sealed.

Signed:

Print name:

Print Company Name:

Print Contractor License No:

Print Contractor Phone No:

Do not remove sticker"

NG.4.4 Delivery Effectiveness (DE) Calculations

Seasonal delivery effectiveness shall be calculated using the seasonal design temperatures from Table NG-1.

NG.4.4.1 Calculation of Duct Zone Temperatures

The temperatures of the duct zones outside the conditioned space are determined in Section NG.4.3.5 for
seasonal conditions for both heating and cooling.

For heating:

Equation NG-5 Tamb, s = Tamb,r = Tamb, heat
For cooling:

Equation NG-6 Tamb,s = Tamb, r = Tamb, cool
Where

Tamb,heat and Tamb,cool are determined from values in Table NG.4.1.

If the ducts are not all in the same location, the duct ambient temperature for use in the delivery effectiveness
and distribution system efficiency calculations shall be determined using an area weighted average of the duct
ambient temperatures for heating and cooling:

A duct,buffer X Tamb heat,buffer +A duct,outdoors X Tamb heat, outdoors

Equation NG-7 T =

amb,heat

A duct,buffer +A duct,outdoors

Aduct,buffer X Tamb cool,buffer + Aduct,outdoors X Tamb cool, outdoors
Tamb,cool =

Equation NG-8

Aduct,buffer + Aduct,outdoors

where the buffer space ambient temperature shall correspond to the location yielding the lowest seasonal
delivery effectiveness.

Alternatively, the duct ambient temperature for use in the delivery effectiveness and distribution system
efficiency calculations can be determined using an area weighted average of the duct zone temperatures for
heating and cooling in all spaces:

T _ A duct,1 X Tamb heat, 1 +A duct,,2 X Tamb heat, 2 +..t+A n X Tamb heat,n

amb,heat —
A duct, 1 +A duct,2 +..+A duct,n

Equation NG-9

Appendix NG - Standard Procedure for Determining the Energy Efficiencies of Single-Zone Nonresidential Air
Distribution Systems in Buffer Spaces or Outdoors




2005 Nonresidential ACM Manual, Express Terms, 15-Day Language Page NG-18

A duct,1 X Tamb cool,1 + Aduct,,2 X Tamb cool, 2 Tt An xT

amb cool, n

Equation NG-10 T

amb,cool T

A duct,1 +A duct,2 +..t+A duct,n

NG.4.4.2 Seasonal Delivery Effectiveness (DE)

The supply and return conduction fractions, B and B,, shall be calculated as follows:

Equation NG-11 B, =exp| — As out
1.08 Q. R

Equation NG-12 B, =exp| — Arout
1.08Q, R,

The temperature difference across the heat exchanger in the following equation is used:

for heating:

Equation NG-13 AT,=55 48)
for cooling:

Equation NG-14 AT.=-20 49

The temperature difference between the building conditioned space and the ambient temperature surrounding
the supply, A Ts, and return, A T,, shall be calculated using the indoor and the duct ambient temperatures.

Equation NG-15 A Ts = Tin - Tamb,s (4_1“9)
Equation NG-16 AT =T - Tamo,r 44D

The seasonal delivery effectiveness for heating or cooling systems shall be calculated using:

ATr o 1— By AT
ATe ATe

Equation NG-17 DE scasonal = as Bs - as Bs (1 — Brar)

NG.4.5 Seasonal Distribution System Efficiency

Seasonal distribution system efficiency shall be calculated using delivery effectiveness, equipment, load, and
recovery factors calculated for seasonal conditions.

NG.4.5.1 Equipment Efficiency Factor (Fequip)

Fequip is 1.

NG.4.5.2 Thermal Regain (Fiegain)
The reduction in building load due to regain of duct losses shall be calculated using the thermal regain factor.

Fhe defaultthermal regain-factors-are-provided-in-Table NG-3.
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Table NG-3 - Thermal Regain-Factors
Supply Duct Location Thermal Regain-Factor [Fr.gain]
ZLC
Equation NG-18 Fregain = 5 —
ZLCtotal
where:
Equation NG-19 ZLC, =UA, +600,(1-a,)pCp
Equation NG-20 ZLC,y = D UA +Q, pCp+600,(1-a,)pCp
bufferspacesurfaces
Equation NG-21 UAuffer spaces surfaces_— UAQ + UA&"S * UAM
Equation NG-22 Qputter = 0.038(60)AwanspCp for non-vented buffer spaces
Equation NG-23 Qputrer = 0.25(60)Ar0ipCp_for -vented buffer spaces

Thermal regain for ducts located outdoors shall be equal to 0.0. If the ducts are not all in the same location,
the regain shall be determined using an area weighted average of the regain for heating and cooling:

Equation NG-24

A duct,1 X Fregain,l + Aduct,2 X Fregain,Z +..t+A duct,n XF

regain,n

F =

regain

A duct,1 +A duct,2 +..t+A duct,n

NG.4.5.3 Recovery Factor (Fecov)

The recovery factor, Frco, is calculated based on the thermal regain factor, Fegain, and the duct losses without
return leakage.

1 - aSBs + aSBs(l _ Br) ATr + as (1 _ BS) ATS
Equation NG-25 Frecov = 1+ Fregain AT. ATe
DEseasonal

NG.4.5.4 Seasonal Distribution System Efficiency

The seasonal distribution system efficiency shall be calculated using the seasonal delivery effectiveness from
section NG.4.4.2, the equipment efficiency factor from section NG.4.5.1, and the recovery factor from section
NG.4.5.3. Note that DEgeasonal: Fequip» Frecov Must be calculated separately for cooling and heating conditions.
Distribution system efficiency shall be determined using the following equation:

Equation NG-26 ndist,seasonal =0.98 DE seasonal Fequip Frecov

where 0.98 accounts for the energy losses from heating and cooling the duct thermal mass.

NG.4.6 Hourly Distribution System Efficiency

The hourly duct efficiency shall be calculated for each hour using the following equation:
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. _ 77 dist ,seasonal
Equation NG-27 Nasthr = < Naistne <1

adj ,hr

where the hourly efficiency is calculated from the seasonal efficiency and an hourly efficiency adjustment
factor. The hourly distribution efficiency shall be less than or equal to 1.0. The hourly duct efficiency
adjustment factor shall be calculated from the following equation:

Equation NG-28

sol,season )

Nagr = 1+Cpp X (AT

S

olLhr AT

where the hourly efficiency adjustment factor is calculated from the difference between the hourly roof sol-air
temperature and the hourly indoor temperature; the difference between the seasonal average difference
between the roof sol-air temperature and the indoor temperature; and a constant derived from regression

analysis.

The hourly difference between the roof sol-air temperature and the indoor temperature shall be calculated from
the following equation:

Equation NG-29

ATsol,hr = T

solair,hr

T

in,hr

The seasonal difference between the roof sol-air temperature and the indoor temperature shall be a load-
weighted average of the hourly roof sol-air temperature and the indoor temperature, and shall be calculated
from the following equation:

z (TS olair,hr - Tin,hr )E hr
Equation NG-30 AT __ season

sol,season E
hr

season

The hourly roof sol-air temperature is a function of the hourly ambient temperature, hourly horizontal solar
radiation and the roof surface absorptance; and shall be calculated from the following equation:

o
Equation NG-31 Tsolair,hr = Tamb,hr + (h_jlhor,hr - ATsky

(o]

The hourly efficiency adjustment factor regression coefficient shall be calculated from the following equation:

C
Equation NG-332 Cpr =Co+ 7 8/p +CLO 025 Corconing 2 0.0;
N

Cprheating < 0.0

where constants C,, Cg, and C, shall be taken from Table NG-3 according to the season (heating or cooling),
and the roof type for ducts in the buffer space (Standard or Cool roof) or duct location (if outdoors). The
calculated value of Cpr for cooling shall be greater than or equal to zero, and the calculated value of Cpr for
heating shall be less than or equal to zero.
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NG.4.6.3 Hourly Efficiency Adjustment Regression Coefficients and-Data

IAPLES ARE MO ET RORULATED NS RDECULTE ARE ST DEINC REVIENIED.

Table NG-3 Coefficients

Cooling Heating
Standard roof Cool roof Outdoors Standard roof Cool roof Outdoors
ICo 0.000486 0.000538 -0.002763 -0.000430 -0.000418 0.000677
CR 0.002810 0.003207 0.008702 -0.003978 -0.003659 -0.002614
ICL 0.002143 0.003386 0.031009 -0.012079 -0.011277 -0.012190
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ACM NH-2005

Apponcb NH - SessopelEgerrc Eclone s of Slagre
> Non-Residential Air Distribution Svs in ¢l

California Climate Zones-Test Nonresidential Air
Distribution Systems

Input Assumptions for Non-Residential Duct Systems
CASE Total duct Supply duct Return duct
CODE Leakage, % R Value R value
1001 22 42 42
1002 22 8 8
1003 8 42 42
1004 8 8
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CASE Climate Zone 1 Climate Zone 2
CODE 1 Story 2 Story 1 Story 2 Story
Heating,%  Cooling,%  Heating,%  Cooling,% | Heating,%  Cooling,%  Heating,%  Cooling,%
1001 0.750 0.810 0.779 0.812 0.737 0.674 0.767 0.702
1002 0.793 0.813 0.810 0.814 0.783 0.717 0.800 0.734
1003 0.820 0.866 0.852 0.869 0.811 0.744 0.843 0.775
1004 0.868 0.869 0.886 0.871 0.861 0.792 0.880 0.810
Climate Zone 3 Climate Zone 4
1 Story 2 Story 1 Story 2 Story
Heating,%  Cooling,%  Heating,%  Cooling,% Heating,%  Cooling,%  Heating,%  Cooling,%
1001 0.759 0.730 0.788 0.755 0.753 0.738 0.782 0.763
1002 0.801 0.763 0.817 0.778 0.795 0.770 0.812 0.784
1003 0.827 0.786 0.858 0.813 0.822 0.792 0.854 0.818
1004 0.873 0.822 0.891 0.837 0.869 0.826 0.888 0.841
Climate Zone 5 Climate Zone 6
CODE 1 Story 2 Story 1 Story 2 Story
Heating,%  Cooling,% Heating,%  Cooling,% Heating,%  Cooling,%  Heating,%  Cooling,%
1001 0.740 0.760 0.770 0.779 0.766 0.722 0.794 0.747
1002 0.785 0.784 0.803 0.795 0.806 0.757 0.822 0.771
1003 0.813 0.813 0.845 0.834 0.832 0.780 0.863 0.807
1004 0.863 0.839 0.882 0.851 0.876 0.818 0.894 0.834
Climate Zone 7 Climate Zone 8
1 Story 2 Story 1 Story 2 Story
Heating,%  Cooling,% Heating,%  Cooling,% Heating,%  Cooling,%  Heating,%  Cooling,%
1001 0.781 0.760 0.809 0.779 0.769 0.752 0.797 0.770
1002 0.819 0.784 0.835 0.795 0.808 0.776 0.825 0.786
1003 0.844 0.813 0.873 0.834 0.834 0.809 0.865 0.829
1004 0.884 0.839 0.901 0.851 0.878 0.835 0.895 0.847
Climate Zone 9 Climate Zone 10
1 Story 2 Story 1 Story 2 Story
Heating,%  Cooling,% Heating,%  Cooling,% Heating,%  Cooling,%  Heating,%  Cooling,%
1001 0.753 0.702 0.782 0.723 0.753 0.674 0.782 0.696
1002 0.795 0.734 0.812 0.746 0.795 0.710 0.812 0.723
1003 0.822 0.775 0.854 0.798 0.822 0.756 0.854 0.780
1004 0.869 0.811 0.888 0.824 0.869 0.797 0.888 0.811
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CASE Climate Zone 11 Climate Zone 12
CODE 1 Story 2 Story 1 Story 2 Story
Heating,%  Cooling,%  Heating,%  Cooling,% | Heating,%  Cooling,%  Heating,%  Cooling,%
1001 0.737 0.645 0.767 0.669 0.743 0.674 0.773 0.696
1002 0.783 0.686 0.800 0.700 0.788 0.710 0.805 0.723
1003 0.811 0.737 0.843 0.762 0.815 0.756 0.848 0.780
1004 0.861 0.783 0.880 0.798 0.864 0.797 0.883 0.811
Climate Zone 13 Climate Zone 14
1 Story 2 Story 1 Story 2 Story
Heating,%  Cooling,% Heating,%  Cooling,% Heating,%  Cooling,%  Heating,%  Cooling,%
1001 0.737 0.667 0.767 0.689 0.709 0.617 0.740 0.642
1002 0.783 0.704 0.800 0.717 0.759 0.663 0.778 0.677
1003 0.811 0.751 0.843 0.776 0.789 0.717 0.824 0.745
1004 0.861 0.793 0.880 0.807 0.846 0.768 0.866 0.784
Climate Zone 15 Climate Zone 16
1 Story 2 Story 1 Story 2 Story
Heating,%  Cooling,% Heating,%  Cooling,% Heating,%  Cooling,%  Heating,%  Cooling,%
1001 0.743 0.596 0.773 0.622 0.686 0.730 0.719 0.755
1002 0.788 0.645 0.805 0.660 0.742 0.763 0.761 0.778
1003 0.815 0.703 0.848 0.731 0.773 0.786 0.809 0.813
1004 0.864 0.758 0.883 0.775 0.835 0.822 0.856 0.837
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ACM NI-2005

Appendix NI :- Alternate Default Fenestration Thermal
Properties

Scope

This appendix applies to fenestration excepted from Section 116 (a) 2 and Section 116 (a) 3 of the
Standard.

“EXCEPTION to Section 116 (a) 2: If the fenestration product is site-built fenestration in a building
covered by the nonresidential standards with less than 10,000 square feet of site-built fenestration or
is a skylight, the default U-factor may be the applicable U-factor as set forth in the Nonresidential
ACM Manual.”

“EXCEPTION to Section 116 (a) 3: If the fenestration product is site-built fenestration in a building
covered by the nonresidential standards with less than 10,000 square feet of site-built fenestration or
is a skylight, the default SHGC may be calculated according to Equation 116-A.”

Purpose

To present alternate default U-factors and the calculation method for determining an alternate default
SHGC, and to describe the responsibilities of energy consultants, designers, architects, builders,
installers, and building departments when an alternate default value is used for determining compliance.

NI.1 Solar Heat Gain Coefficient

This section describes the alternative calculation method for determining compliance for site-assembled

and-field-fabricated-products-similar-to-eligible site-built -products.

Forsite-assembled-and-field-fabricated-fenestrationuse-tThe following equation may be used to
calculate the fenestration product's SHGC ferfenestration-thatis-used to determine compliance. Convert

the center of glass SHGC, SHGC,, from the manufacturer’s documentation to a value for the fenestration
product with framing, SHGCre,

SHGC;,, =0.08 + 0.86 X SHGC,
Where:
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SHGC¢en is the SHGC for the fenestration including glass and frame.

SHGC, is the SHGC for the center of glass alone, and

NI.1.2 Responsibilities for SHGC Compliance

This section describes the responsibilities of energy consultants, designers, architects, builders, installers,
and building departments when this alternative calculation method is used for determining compliance
with SHGC requirements.

NI.1.2.1 Energy Consultants, Designers, Architects

Field-Fabricated-Fenestration-Site-Assembled-Fenestration-and-Site-Built Fenestration Products without
SHGC Cettitied-to-Rated Using NFRC_Procedures

The procedure described below applies only to skylights and to site-built fenestration in buildings with less
than 10,000 ft? of site-built fenestration.

To determine compliance with the efficiency standards, the center of glass SHGC from the manufacturer’s
documentation for the proposed glazing must be converted to an SHGC;,, for the fenestration that
includes the framing effect.

For the Prescriptive compliance method, the SHGCy,, is then entered into the prescriptive ENV-1 form,
Part 2 of 2 and must appear on the building plans.
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For the Performance compliance method, the SHGC;,,, output information printed on the Performance
ENV-1 form must be listed on the building plans. The PERF-1 and Performance ENV-1 forms must
appear on the plans. The building plan window schedule list must indicate the proposed total SHGCye,,
values for each fenestration assembly, and these values must be equal to the SHGCs listed on the
Performance ENV-1 computer form. (Note: an under-calculation of space conditioning energy can result

from entering elther too Iow or too hlgh an SHGCfen for the product ) Fhe-proposed-design-SHGCy,,

Permit applications must include heat gain documentation for the Building Plan Checker. This
documentation must include a copy of the manufacturer’'s documentation showing the SHGC,, center of
glass alone and the calculation used to determine the SHGCy,,. If the proposed design uses multiple
fenestration products or site-assembled fenestration products, a calculation for each different SHGCy,,
must be attached to the plans along with each glass unit manufacturer’'s documentation.

Building plans shall identify all site-built fenestration and all site-built fenestration without SHGCs rated
using NFRC procedures.

Mixed Fenestration Types

If mixed fenestration is included in the compliance analysis, then the compliance submittal must
demonstrate which are certified fenestration products and which are non-certified fenestration or site-built
assembled-fenestration products. The manufacturer's documentation and calculations for each product
must be included in the submittal, and either the ENV-1 or PERF-1 form must be included on the building
plans.

NI.1.2.2 Builder and Installer Responsibilities

The builder is responsible for asensuring that the glass documentation showing the SHGC used for
determining compliance is provided to the installer. The builder is responsible for obtaining an NFRC
Label Certificate for Site-Built Products for the bU|Id|ng s_site-built fenestration vertical-glazing-if the
building is-100.000-sf or mere-and-has 10,000 sf ft* or more of site-built fenestration. verticat-glazing-

The builder is also responsible for asensuring that the persons preparing compliance documentation are
specifying products that the builder intends to install. The builder must asensure -that the glazing
contractor installs the glass with the same SHGC, as used for compliance and that the building inspector
is provided with manufacturers’ documentation showing the SHGC,, for the actual glass product installed.
The builder should verify that these fenestration products are clearly shown on the building plans before
fenestration products are purchased and installed.

NI.1.2.3 Building Department Responsibilities
Plan Checker

The building department plan checker is responsible for asensuring that the plans identify all site-built
fenestration-which-fenestration-is-site-assembled-and-which-is-not.

The plan-checker is responsible for verifying that for skylights and site-built fenestration using the
alternate default SHGC calculation:

1. the SHGC,,, and SHGC, fernon-certified-fenestration-products-orsite-assembled-products-is-are
identified on the plans, that

calculations have been provided showing the conversion from SHGC. to SHGCy,,, and-that

2.
3. _manufacturer documentation of the SHGC, has been provided for each of the fenestration products
using alternate default SHGC calculations, to-be-installedand

4. the building has less than 10,000 ft* of site-built fenestration.

Plans should be consistent with the compliance documentation, the calculations showing the conversion
from SHGC, to SHGCy,,,, and Prescriptive ENV-1 Part 2 of 2 or Performance ENV-1.
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Building Inspector

The building department field inspector is respon5|ble for asensuring that the building using an alternate

default SHGC calculation has less than 10,000 ft* of site-built fenestration.

The field inspector is responsible for asensuring that the eertified SHGC,-er-SHGC, and SHGCx,,;; for the
installed fenestration is consistent with the plans, the Prescriptive ENV-1 Part 2 of 2 or the Performance
PERF-1 and Performance ENV-1, and that manufacturer documentation is consistent with the product
installed in the building. PIans—shaM—mdreate—wMehienes&aﬂen—%ﬁeessembled—epﬁaieneswahen

productwithout SHGCs certified-to-the NFRC-

NI.2 Thermal Transmittance (U-Factor)

Table NI- 1 provides default U-factors for skylights and for S|te bunt fenestratlon in buildings with less than
10,000 ft* of site-built fenestratlon . ; ,

HThe default Table NI-1 is consistent with default U-factors published in Table 45, Chapter 3029,
ASHRAE Fundamentals Handbook, 20014997, which is referenced in the Energy Standards.
Fenestration products fitting the two descriptions above may still use U-factors obtained through NFRC if
available.

NI.2.1 Responsibilities for U-factor Compliance

This section describes the responsibilities of energy consultants, designers, architects, builders, installers,
and building departments when Table NI-1 is used for determining compliance with the U-factor
requirements of the Efficiency Standards.

NI.2.1.1 Energy Consultants, Designers, Architects
I ith L ~ertifiod to NERC
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Fenestration without U-factor Certified-to-Rated Using NFRC _Procedures

The procedure described below applies only to skylights and to site-built fenestration in buildings with less
than 10,000 ft° of site-built fenestration. To determine compliance with the efficiency standards, the
Glazing Type and Frame Type shown in Table NI-1 must be identified from the manufacturer’s
documentation for the proposed glazing.

For the Prescriptive compliance method, the U-factor must be selected from Table NI-1 for this Glazing
Type and Frame Type and entered into the prescriptive ENV-1 form, Part 2 of 2, and must appear on the

building plans.

For the Performance compliance method, the U-factor output information printed on the Performance
ENV-1 form must be listed on the building plans. The PERF-1 and Performance ENV-1 forms must
appear on the plans. The building plan window schedule list must indicate the proposed total U-factors for
each fenestration assembly, and these values must be equal to or less than the U-factors listed on the

Performance ENV- 1 computerform Ih&p#epesed—deag#u-faeteps—a%eente#ed—mte—th&eempmer

Permit applications must include fenestration U-factor documentation for the Building Plan Checker. This
documentation must include a copy of the manufacturer’'s documentation showing the Glazing Type
information — number of panes, spacing of panes, glass type, gas fill type, coating emissivity and location
—and the Frame Type — frame material type, presence of thermal breaks, and identification of structural
glazing (glazing with no frame) that is used to determine the U-factor. If the proposed design uses
multiple fenestration products or site-assembled fenestration products, manufacturer’s documentation for
each different U-factor for each glass unit must be attached to the plans-foreach-glass-unit.
Manufacturer’'s documentation must be provided for each U-factor used for compliance.

Building plans shall identify all site-built fenestration and all site-built fenestration without U-factors rated
using NFRC procedures.

Mixed Fenestration Types

If mixed fenestration is included in the compliance analysis, then the compliance submittal must
demonstrate which are certified fenestration products and which are non-certified fenestration or site-
assembled fenestration products. The manufacturer’'s documentation and calculations for each product
must be included in the submittal, and either the ENV-1 or PERF-1 form must be included on the building
plans.

NI.2.1.2 Builder and Installer Responsibilities

The builder is responsible for asensuring that the glass documentation showing the U-factor used for
determining compliance is provided to the installer. The builder is responsible for asensuring that the
persons preparing compliance documentation are specifying products that the builder intends to install.
The builder is also responsible for asensuring that the installer installs glass with U-factors the same or
lower than the U-factors as-used for compliance and asensuring that the field inspector for the building
department is provided with manufacturer’'s documentation showing the U-factor and method of
determining U-factor for the actual fenestration product installed. The builder should verify that these
fenestration products are clearly shown on the building plans before fenestration products are purchased
and installed.

NI.2.1.3 Building Department Responsibilities
Plan Checker
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The building department plan checker is responsible for asensurlng that the plans |dent|fy all site- bunt
fenestration. w

verifying that the U-factor

The plan checker shall ensure that for skylights and site-built fenestration using alternate default U-

factors: nen-certified-fenestration-products-or site-assembled-products-is

1. U-factors are identified on the plans, that

2. the Glazing Type and Frame Type and Table NI-1 have been provided shewirg-documenting the
method of determining the U-factor, and-that

3. _manufacturer documentation of the U-factorGlazing Type and Frame Type has been provided for the
each of the fenestration products using alternate default U-factors, and to-be-installed-

4. the building has less than 10,000 ft* of site-built fenestration.

Plans should be consistent with the compliance documentation, the Glazing Type and Frame Type and
Table NI-1 values, and Prescriptive ENV-1 Part 2 of 2 or Performance ENV-1.

Building Inspector

The building department field inspector is responsible for ensuring that the building using an alternate
default U-factor has less than 10,000 ft* of site-built fenestration.

The building department field inspector is responsible for assuring-ensuring that manufacturer’s
documentation has been provided for the installed fenestration. The field inspector is responsible for
asensuring that the U-factor for the installed fenestration is consistent with the plans, the Prescriptive |
ENV-1 Part 2 of 2 or the Performance PERF-1, and Performance ENV-1, and that manufacturer
documentation is consistent with the product installed in the building.
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Table NI-1 — Assembly-Alternate U-Factors for Skylights and Eligible’ Site-Built Fenestration Llalabolosl Clomael /o]l Chratosns (Dta Dol Wiinclon o)
onctlinlabolod Sadichis

Vertical Installation Sloped Installation
Product Type Unlabeled Glazed Wall Systems Unlabeled Skylight with Curb Unlabeled Skylight without Curb
(Site Built Windows) (includes glass/plastic, flat/domed, (includes glass/plastic, flat/domed,
(includes site assembled fixed windows only, fixed/operable) fixed/operable)
does not include operable windows)
Frame Type Aluminum | Aluminum [ Wood/Vinyl| Structural | Aluminum | Aluminum | Reinforced | Wood/Vinyl | Aluminum [ Aluminum Structural
without with Glazing without with Vinyl/ without with Glazing
Thermal | Thermal Thermal | Thermal [ Aluminum Thermal Thermal
Break Break Break Break | Clad Wood Break Break
ID |Glazing Type
Single Glazing
1 1/8" glass 1.22 1.1 0.98 1.1 1.98 1.89 1.75 1.47 1.36 1.25 1.25
2 1/4" acrylic/polycarb 1.08 0.96 0.84 0.96 1.82 1.73 1.60 1.31 1.21 1.10 1.10
3 1/8" acrylic/polycarb 1.15 1.04 0.91 1.04 1.90 1.81 1.68 1.39 1.29 1.18 1.18
Double Glazing
4 1/4" airspace 0.79 0.68 0.56 0.63 1.31 1.1 1.05 0.84 0.82 0.70 0.66
5 1/2" airspace 0.73 0.62 0.50 0.57 1.30 1.10 1.04 0.84 0.81 0.69 0.65
6 1/4" argon space 0.75 0.64 0.52 0.60 1.27 1.07 1.00 0.80 0.77 0.66 0.62
7 1/2" argon space 0.70 0.59 0.48 0.55 1.27 1.07 1.00 0.80 0.77 0.66 0.62
Double Glazing, e=0.60 on surface 2 or 3
8 1/4" airspace 0.76 0.65 0.53 0.61 1.27 1.08 1.01 0.81 0.78 0.67 0.63
9 1/2" airspace 0.69 0.58 0.47 0.54 1.27 1.07 1.00 0.80 0.77 0.66 0.62
10 1/4" argon space 0.72 0.61 0.49 0.56 1.23 1.03 0.97 0.76 0.74 0.63 0.58
11 1/2" argon space 0.67 0.56 0.44 0.51 1.23 1.03 0.97 0.76 0.74 0.63 0.58
Double Glazing, e=0.40 on surface 2 or 3
12 1/4" airspace 0.74 0.63 0.51 0.58 1.25 1.05 0.99 0.78 0.76 0.64 0.60
13 1/2" airspace 0.66 0.55 0.44 0.51 1.24 1.04 0.98 0.77 0.75 0.64 0.59
14 1/4" argon space 0.69 0.57 0.46 0.53 1.18 0.99 0.92 0.72 0.70 0.58 0.54
15 1/2" argon space 0.63 0.51 0.40 0.47 1.20 1.00 0.94 0.74 0.71 0.60 0.56
Double Glazing, =0.20 on surface 2 or 3
16 1/4" airspace 0.70 0.59 0.48 0.55 1.20 1.00 0.94 0.74 0.71 0.60 0.56
17 1/2" airspace 0.62 0.51 0.39 0.46 1.20 1.00 0.94 0.74 0.71 0.60 0.56
18 1/4" argon space 0.64 0.53 0.42 0.49 1.14 0.94 0.88 0.68 0.65 0.54 0.50
19 1/2" argon space 0.57 0.46 0.35 0.42 1.15 0.95 0.89 0.68 0.66 0.55 0.51
Double Glazing, e=0.10 on surface 2 or 3
20 1/4" airspace 0.68 0.57 0.45 0.52 1.18 0.99 0.92 0.72 0.70 0.58 0.54
21 1/2" airspace 0.59 0.48 0.37 0.44 1.18 0.99 0.92 0.72 0.70 0.58 0.54
22 1/4" argon space 0.62 0.51 0.39 0.46 1.11 0.91 0.85 0.65 0.63 0.52 0.47
23 1/2" argon space 0.55 0.44 0.33 0.39 1.13 0.93 0.87 0.67 0.65 0.53 0.49
Double Glazing, e=0.05 on surface 2 or 3
24 1/4" airspace 0.67 0.56 0.44 0.51 1.17 0.97 0.91 0.70 0.68 0.57 0.52
25 1/2" airspace 0.57 0.46 0.35 0.42 117 0.98 0.91 0.71 0.69 0.58 0.53
26 1/4" argon space 0.60 0.49 0.38 0.44 1.09 0.89 0.83 0.63 0.61 0.50 0.45
27 1/2" argon space 0.53 0.42 0.31 0.38 1.1 0.91 0.85 0.65 0.63 0.52 0.47
Triple Glazing
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Vertical Installation

Sloped Installation

Product Type Unlabeled Glazed Wall Systems Unlabeled Skylight with Curb Unlabeled Skylight without Curb
(Site Built Windows) (includes glass/plastic, flat/domed, (includes glass/plastic, flat/domed,
(includes site assembled fixed windows only, fixed/operable) fixed/operable)
does not include operable windows)
Frame Type Aluminum | Aluminum [ Wood/Vinyl| Structural | Aluminum | Aluminum | Reinforced | Wood/Vinyl | Aluminum [ Aluminum Structural
without with Glazing without with Vinyl/ without with Glazing
Thermal | Thermal Thermal | Thermal [ Aluminum Thermal Thermal
Break Break Break Break |Clad Wood Break Break
28 1/4" airspaces 0.63 0.52 0.41 0.47 1.12 0.89 0.84 0.64 0.64 0.53 0.48
29 1/2" airspaces 0.57 0.46 0.35 0.41 1.10 0.87 0.81 0.61 0.62 0.51 0.45
30 1/4" argon spaces 0.60 0.49 0.38 0.43 1.09 0.86 0.80 0.60 0.61 0.50 0.44
31 1/2" argon spaces 0.55 0.45 0.34 0.39 1.07 0.84 0.79 0.59 0.59 0.48 0.42
Triple Glazing, e=0.20 on surface 2,3,4, or 5
32 1/4" airspaces 0.59 0.48 0.37 0.42 1.08 0.85 0.79 0.59 0.60 0.49 0.43
33 1/2" airspaces 0.52 0.41 0.30 0.35 1.05 0.82 0.77 0.57 0.57 0.46 0.41
34 1/4" argon spaces 0.54 0.44 0.33 0.38 1.02 0.79 0.74 0.54 0.55 0.44 0.38
35 1/2" argon spaces 0.49 0.38 0.28 0.33 1.01 0.78 0.73 0.53 0.54 0.43 0.37
Triple Glazing, e=0.20 on surfaces 2 or 3 and 4 or 5
36 1/4" airspaces 0.55 0.45 0.34 0.39 1.03 0.80 0.75 0.55 0.56 0.45 0.39
37 1/2" airspaces 0.48 0.37 0.26 0.31 1.01 0.78 0.73 0.53 0.54 0.43 0.37
38 1/4" argon spaces 0.50 0.39 0.29 0.34 0.99 0.75 0.70 0.50 0.51 0.40 0.35
39 1/2" argon spaces 0.45 0.34 0.24 0.29 0.97 0.74 0.69 0.49 0.50 0.39 0.33
Triple Glazing, €=0.10 on surfaces 2 or 3and 4 or 5
40 1/4" airspaces 0.54 0.43 0.32 0.37 1.01 0.78 0.73 0.53 0.54 0.43 0.37
41 1/2" airspaces 0.46 0.35 0.25 0.29 0.99 0.76 0.71 0.51 0.52 0.41 0.36
42 1/4" argon spaces 0.48 0.38 0.27 0.32 0.96 0.73 0.68 0.48 0.49 0.38 0.32
43 1/2" argon spaces 0.42 0.32 0.21 0.26 0.95 0.72 0.67 0.47 0.48 0.37 0.31
Quadruple Glazing, e=0.10 on surfaces 2 or 3 and 4 or 5
44 1/4" airspaces 0.49 0.38 0.28 0.33 0.97 0.74 0.69 0.49 0.50 0.39 0.33
45 1/2" airspaces 0.43 0.32 0.22 0.27 0.94 0.71 0.66 0.46 0.47 0.36 0.30
46 1/4" argon spaces 0.45 0.34 0.24 0.29 0.93 0.70 0.65 0.45 0.46 0.35 0.30
47 1/2" argon spaces 0.41 0.30 0.20 0.24 0.91 0.68 0.63 0.43 0.44 0.33 0.28
48 1/4" krypton spaces 0.41 0.30 0.20 0.24 0.88 0.65 0.60 0.40 0.42 0.31 0.25

' To be eligible, the site-built fenestration must be in a building with less than 10,000 ft* of site-built fenestration.
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Appendix NJ - Acceptance Requirements for
Nonresidential Buildings

NJ.1 Purpose and Scope

ACM NJ defines acceptance procedures that must be completed before credit can be claimed for certain
compliance measures. The procedures apply to nonresidential, high-rise residential and hotel/motel buildings
as defined by the California Energy Commission’s Energy Efficiency Standards for Nonresidential Buildings.

NJ.2 Introduction

Acceptance Requirements are defined as the application of targeted inspection checks and functional and
performance testing conducted to determine whether specific building components, equipment, systems, and
interfaces between systems conform to the criteria set forth in the Standards and to related construction
documents (plans or specifications). Acceptance Requirements can effectively improve code compliance and
help determine whether equipment meets operational goals and whether it should be adjusted to increase
efficiency and effectiveness.

This section describes the process for completing the Acceptance Requirements. The steps include the
following:

e Document plans showing sensor locations, devices, control sequences and notes,

e Review the installation, perform acceptance tests and document results, and

e Document the operating and maintenance information, complete installation certificate and indicate test
results on the Certificate of Acceptance, and submit the Certificate to the building department prior to
receive a final occupancy permit.

Acceptance testing is not intended to take the place of commissioning or test and balance procedures that a
building owner might incorporate into a building project. It is an adjunct process focusing only on demonstrating
compliance with the Standards.

The installing contractor, engineer of record or owners agent shall be responsible for reviewing the plans and
specifications to assure they conform to the Acceptance Requirements. This is typically done prior to signing a
Certificate of Compliance.

The installing contractor, engineer of record or owners agent shall be responsible for providing all necessary
instrumentation, measurement and monitoring, and undertaking all required acceptance requirement
procedures. They shall be responsible for correcting all performance deficiencies and again implementing the
acceptance requirement procedures until all specified systems and equipment are performing in accordance
with the Standards.

The installing contractor, engineer of record or owners agent shall be responsible for documenting the results
of the acceptance requirement procedures including paper and electronic copies of all measurement and
monitoring results. They shall be responsible for performing data analysis, calculation of performance indices
and crosschecking results with the requirements of the Standard. They shall be responsible for issuing a
Certificate of Acceptance. Building departments shall not release a final Certificate of Occupancy until a
Certificate of Acceptance is submitted that demonstrates that the specified systems and equipment have been
shown to be performing in accordance with the Standards. The installing contractor, engineer of record or
owners agent upon completion of undertaking all required acceptance requirement procedures shall record
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their State of California Contractor’s License number or their State of California Professional Registration
License Number on each Certificate of Acceptance that they issue.

NJ.3 Outdoor Air

NJ.3.1 Variable Air Volume Systems Outdoor Air Acceptance

NJ.3.1.1 Construction Inspection
Prior to Acceptance Testing, verify and document the following:

° Outside air flow station is calibrated OR a calibration curve of outside air vs. outside air damper
position, inlet vane signal, or VFD signal was completed during system TAB procedures.

NJ.3.1.2 Equipment Start-up

Step 1: If the system has an outdoor air economizer, force the economizer high limit to disable economizer
control (e.qg. for a fixed drybulb high limit, lower the setpoint below the current outdoor air temperature)

Step 2: Drive all VAV boxes to the greater of the minimum airflow or 30% of the total design airflow. Verify and
document the following:

° Measured outside airflow CFM corresponds to no less than 90% of the total value found on the
Standards Mechanical Plan Check document MECH-3, Column H or Column | (which ever is greater).

° System operation stabilizes within 15 minutes after test procedures are initiated (no hunting).

Step 3: Drive all VAV boxes to achieve design airflow. Verify and document the following:

° Measured outside airflow CFM corresponds to no less than 90% of the total value found on Standards
Mechanical Plan Check document MECH-3, Column H or Column | (which ever is greater).

° System operation stabilizes within 15 minutes after test procedures are initiated (no hunting).

NJ.3.2 Constant Volume System Outdoor Air Acceptance

NJ.3.2.1 Construction Inspection

Prior to Acceptance Testing, verify and document the following:

° The system has a fixed or motorized minimum outdoor air damper, or an economizer capable of
maintaining a minimum outdoor air damper position.

NJ.3.2.2 Equipment Testing

Step 1: If the system has an outdoor air economizer, force the economizer high limit to disable economizer
control (e.q. for a fixed drybulb high limit, lower the setpoint below the current outdoor air temperature)

° Measured outside airflow CFM with damper at minimum position corresponds to no less than 90% of
the total value found on the Standards Mechanical Plan Check document MECH-3, Column H or
Column | (which ever is greater).

NJ.4 Packaged HVAC Systems

Acceptance requirements apply only to constant volume, direct expansion (DX) packaged systems with gas
furnaces or heat pumps.
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NJ.4.1 Constant Volume Packaged HVAC Systems Acceptance

NJ.4.1.1 Construction Inspection

Prior to Performance Testing, verify and document the following:

° Thermostat is located within the zone that the HVAC system serves.

° Space temperature thermostat is factory-calibrated (proof required) or field-calibrated.

° Appropriate temperature deadband has been programmed.

° Appropriate occupied, unoccupied, and holiday schedules have been programmed.

° Appropriate pre-occupancy purge has been programmed per Standards Section 121(c)2.

° Economizer lockout control sensor, if applicable, is factory-calibrated (proof required) or field-calibrated
and setpoint properly set (refer to the ECONOMIZERS acceptance requirements section for detail).

° Demand control ventilation controller, if applicable, is factory-calibrated (proof required) or field-
calibrated and setpoint properly set (refer to the DEMAND CONTROL VENTILATION acceptance
requirements section for detail).

NJ.4.1.2 Equipment Testing

Step 1: Simulate heating load during occupied condition (e.g. by setting time schedule to include actual time
and placing thermostat heating setpoint above actual temperature). Verify and document the following:

° Supply fan operates continually during occupied condition.

° Gas-fired furnace, heat pump or electric heater, if applicable, stages on.

° No cooling is provided by the unit.

° Outside air damper is open to the minimum position.

Step 2: Simulate “no-load” during occupied condition (e.g. by setting time schedule to include actual time and
placing thermostat heating setpoints below actual temperature and cooling setpoint below actual temperature).
Verify and document the following:

° Supply fan operates continually during occupied condition.

° Neither heating or cooling is provided by the unit.

° Outside air damper is open to the minimum position.

Step 3: If there is an economizer, simulate cooling load and economizer operation, if applicable, during
occupied condition (e.g. by setting time schedule to include actual time and placing thermostat cooling setpoint
below actual temperature). Verify and document the following:

° Supply fan operates continually during occupied condition.

° Refer to the ECONOMIZERS acceptance requirements section for testing protocols.

° No heating is provided by the unit.

Step 4: If there is no economizer, simulate cooling load during occupied condition (e.q. by setting time
schedule to include actual time and placing thermostat cooling setpoint below actual temperature). Verify and
document the following:

° Supply fan operates continually during occupied condition.

° Compressor(s) stage on.

° No heating is provided by the unit.

° Qutside air damper is open to the minimum position.
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Step 5: Change the time schedule force the unit into unoccupied mode. Verify and document the following:

° Supply fan turns off.

° Qutside air damper closes completely.

Step 6: Simulate heating load during setback conditions (e.q. by setting time schedule to exclude actual time
and placing thermostat setback heating setpoint above actual temperature). Verify and document the

following:
° Supply fan cycles on.

° Gas-fired furnace, heat pump or electric heater, if applicable, stages on.

° No cooling is provided by the unit.

° Supply fan cycles off when heating equipment is disabled.

Step 7: If there is an economizer, simulate cooling load and economizer operation, if applicable, during
unoccupied condition (e.q. by setting time schedule to exclude actual time and placing thermostat setup cooling
setpoint below actual temperature). Verify and document the following:

° Supply fan cycles on.

° Refer to the ECONOMIZERS acceptance requirements section for testing protocols.

° Supply fan cycles off when call for cooling is satisfied (simulated by lowering the thermostat setpoint to
below actual temperature).

° QOutside air damper closes when unit cycles off.

Step 8: If there is no economizer, simulate cooling load during setup condition (e.g. by setting time schedule to
exclude actual time and placing thermostat setup cooling setpoint above actual temperature). Verify and
document the following:

° Supply fan cycles on.

° Compressor(s) stage on to satisfy cooling space temperature setpoint.

° No heating is provided by the unit.

° Supply fan cycles off when cooling equipment is disabled.

Step 9: Simulate manual override during unoccupied condition (e.g. by setting time schedule to exclude actual
time or by pressing override button). Verify and document the following:

° System reverts to “occupied” mode and operates as described above to satisfy a heating, cooling, or
no load condition.

° System turns off when manual override time period expires.

NJ.5. Air Distribution Systems

Acceptance requirements apply only to systems covered by Section 144(K).

NJ.5.1 Air Distribution Acceptance

NJ.5.1.1 Construction Inspection

Prior to Performance Testing, verify and document the following:

° Drawbands are either stainless steel worm-drive hose clamps or UV-resistant nylon duct ties.
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° Flexible ducts are not constricted in any way (for example pressing against immovable objects or
squeezed through openings).

° Duct leakage tests shall be performed before access to ductwork and associated connections are
blocked by permanently installed construction material.

° Joints and seams are not sealed with a cloth back rubber adhesive tape unless used in combination
with mastic and drawbands.

° Duct R-values are verified.

° Insulation is protected from damage and suitable for outdoor service if applicable.

NJ.5.1.2 Equipment Testing

Step 1: Perform duct leakage test per 2003 Nonresidential ACM Approved Manual, Appendix NG, Section
4.3.8.2. Certify the following:

° Duct leakage conforms to the requirements of Section 144(k)..
Step 2: Obtain HERS Rater field verification as required by Chapter 7 and Appendix NG.

NJ.6. Lighting Control Systems

Lighting control testing is performed on:

e Manual Daylighting Controls.

e Automatic Daylighting Controls.

e Occupancy Sensors.

e Automatic Time-switch Control.

NJ.6.1 Automatic Daylighting Controls Acceptance

NJ.6.1.1 Construction Inspection

Prior to Performance Testing, verify and document the following:

° All control devices (photocells) have been properly located, factory-calibrated (proof required) or field-
calibrated and set for appropriate set points and threshold light levels.

° Installer has provided documentation of setpoints, setting and programming for each device.

° Luminaires located in either a horizontal daylit area(s) or a vertical daylit area(s) are powered by a
separate lighting circuit from non-daylit areas.

NJ.6.1.2 Equipment Testing

Continuous Dimming Control Systems

Step 1: Simulate bright conditions for a continuous dimming control system. Verify and document the
following:

° Lighting power reduction is at least 65% under fully dimmed conditions.

° At least one control step reduces the lighting power by at least 30%.

° Only luminaires in daylit zone are affected by daylight control.

° Automatic daylight control system reduces the amount of light delivered to the space uniformly.
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Dimming control system provides reduced flicker operation over the entire operating range per

Standards Section 119(e)2.

Lumen measurements in the space, location of measurements and specific device settings, program

Step 2:

settings and other measurements are documented.

Simulate dark conditions for a continuous dimming control system. Verify and document the following:

Automatic daylight control system increases the amount of light delivered to the space uniformly.

Dimming control system provides reduced flicker operation over the entire operating range per

Standards Section 119(e)2.

Lumen measurements in the space, location of measurements and specific device settings, program

settings and other measurements are documented.

Stepped Dimming Control Systems

Step 1:

Simulate bright conditions for a stepped dimming control system. Verify and document the following:

Lighting power reduction is at least 50% under fully dimmed conditions.

Only luminaires in daylit zone are affected by daylight control.

Automatic daylight control system reduces the amount of light delivered to the space relatively

uniformly as per Section 131(b).

Automatic daylight control system reduces the amount of light delivered to the space per

manufacturer’'s specifications for power level verses light level.

Minimum time delay between step changes is 3 minutes to prevent short cycling.

Lumen measurements in the space, location of measurements and specific device settings, program

settings and other measurements are documented.

Simulate dark conditions for a stepped dimming control system. Verify and document the following:

Automatic daylight control system increases the amount of light delivered to the space per

manufacturer’s specifications for power level verses light level.

Stepped dimming control system provides reduced flicker over the entire operating range per

Standards Section 119(e)2.

Minimum time delay between step changes is 3 minutes to prevent short cycling.

Lumen measurements in the space, location of measurements and specific device settings, program

settings and other measurements are documented.

Stepped Switching Control Systems

Step 1:

Simulate bright conditions for a stepped switching control system. Verify and document the following:

Lighting power reduction is at least 50% under fully switched conditions per Standards Section

119(e)1.

Only luminaires in daylit zone are affected by daylight control.

Automatic daylight control system reduces the amount of light delivered to the space relatively

uniformly as per Section 131(b).

Automatic daylight control system reduces the amount of light delivered to the space per

manufacturer’s specifications for power level verses light level.

Single- or multiple-stepped switching controls provide a dead band of at least three minutes between

switching thresholds to prevent short cycling.
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° Lumen measurements in the space, location of measurements and specific device settings, program
settings and other measurements are documented.

Step 2: Simulate dark conditions for a stepped switching control system. Verify and document the following:

° Automatic daylight control system increases the amount of light delivered to the space per
manufacturer’s specifications for power level verses light level.

° Single- or multiple-stepped switching controls provide a dead band of at least three minutes between
switching thresholds to prevent short cycling.

° Lumen measurements in the space, location of measurements and specific device settings, program
settings and other measurements are documented.

NJ.6.2 Occupancy Sensor Acceptance

NJ.6.2.1 Construction Inspection

Prior to Performance Testing, verify and document the following:

° Occupancy sensitivity has been located to minimize false signals.

° Occupancy sensors do not encounter any obstructions that could adversely affect desired
performance.

° Ultrasound occupancy sensors do not emit audible sound.

NJ.6.2.2 Equipment Testing

Step 1: For a representative sample of building spaces, simulate an unoccupied condition. Verify and
document the following:

° Lights controlled by occupancy sensors turn off within a maximum of 30 minutes from the start of an
unoccupied condition per Standard Section 119(d).

° The occupant sensor does not trigger a false “on” from movement in an area adjacent to the controlled
space or from HVAC operation.

° Signal sensitivity is adequate to achieve desired control.

Step 2: For a representative sample of building spaces, simulate an occupied condition. Verify and document
the following:

° Status indicator or annunciator operates correctly.

° Lights controlled by occupancy sensors turn on immediately upon an occupied condition, OR sensor
indicates space is “occupied” and lights are turned on manually (automatic OFF and manual ON
control strategy).

NJ.6.3 Manual Daylighting Controls Acceptance

NJ.6.3.1 Construction Inspection

Prior to Performance Testing, verify and document the following:

° If dimming ballasts are specified for light fixtures within the daylit area, make sure they meet all the
Standards requirements, including “reduced flicker operation” for manual dimming control systems.
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NJ.6.3.2 Equipment Testing

Step 1: Perform manual switching control. Verify and document the following:

° Manual switching or dimming achieves a lighting power reduction of at least 50%.

° The amount of light delivered to the space is uniformly reduced.

NJ.6.4 Automatic Time Switch Control Acceptance

NJ.6.4.1 Construction Inspection

Prior to Performance Testing, verify and document the following:

° Automatic time switch control is programmed with acceptable weekday, weekend, and holiday (if
applicable) schedules.

° Document for the owner automatic time switch programming including weekday, weekend, holiday
schedules as well as all set-up and preference program settings.

° Verify the correct time and date is properly set in the time switch.

° Verify the battery is installed and energized.

° Override time limit is no more than 2 hours.

NJ.6.4.2 Equipment Testing

Step 1: Simulate occupied condition. Verify and document the following:

° All lights can be turned on and off by their respective area control switch.

° Verify the switch only operates lighting in the ceiling-height partitioned area in which the switch is
located.

Step 2: Simulate unoccupied condition. Verify and document the following:

° All non-exempt lighting turn off per Section 131 (d)1.

° Manual override switch allows only the lights in the selected ceiling height partitioned space where the
override switch is located, to turn on or remain on until the next scheduled shut off occurs.

° All non-exempt lighting turns off.

NJ.7. Air Economizer Controls

Economizer testing is performed on all built-up systems and on packaged systems per Standards Section 144
(e)1. Air economizers installed by the HVAC system manufacturer and certified to the commission as being
factory calibrated and tested do not require field testing.

NJ.7.1 Economizer Acceptance

NJ.7.1.1 Construction Inspection

Prior to Performance Testing, verify and document the following:

° Economizer lockout setpoint complies with Table 144-C per Standards Section 144 (e) 3.

° System controls are wired correctly to ensure economizer is fully integrated (i.e. economizer will
operate when mechanical cooling is enabled).
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Economizer lockout control sensor location is adequate (open to air but not exposed to direct sunlight

nor in an enclosure; away from sources of building exhaust; at least 25 feet away from cooling towers).

Relief fan system (if applicable) operates only when the economizer is enabled.

If no relief fan system is installed, barometric relief dampers are installed to relieve building pressure

when the economizer is operating.

NJ.7.1.2 Equipment Testing

Step 1: Simulate a cooling load and enable the economizer by adjusting the lockout control (fixed or differential

dry-bulb or enthalpy sensor depending on system type) setpoint. Verify and document the following:

Economizer damper modulates opens per Standards Section 144 (e)1A to maximum position to satisfy

cooling space temperature setpoint.

Return air damper modulates closed and is completely closed when economizer damper is 100%

open.
Economizer damper is 100% open before mechanical cooling is enabled.

Relief fan is operating or relief dampers freely swing open.

Mechanical cooling is only enabled if cooling space temperature setpoint is not met with economizer at

100% open.
Doors are not pushed ajar from over pressurization.

Step 2: Continue from Step 1 and disable the economizer by adjusting the lockout control (fixed or differential

dry-bulb or enthalpy sensor depending on system type) setpoint. Verify and document the following:

Economizer damper closes to minimum position.

Return air damper opens to normal operating position.

Relief fan shuts off or relief dampers close.

Mechanical cooling remains enabled until cooling space temperature setpoint is met.

NJ.8. Demand Control Ventilation (DCV) Systems

Demand control ventilation is tested on package systems per Standards Section 121 (c)3.

NJ.8.1 Packaged Systems DCV Acceptance

NJ.8.1.1 Construction Inspection

Prior to Performance Testing, verify and document the following:

Carbon dioxide control sensor is factory calibrated (proof required) or field-calibrated with an accuracy

of no less than 75 ppm.

The sensor is located in the room between 1ft and 6 ft above the floor.

System controls are wired correctly to ensure proper control of outdoor air damper system.

NJ.8.1.2 Equipment Testing

Step 1: Simulate a high CO2 load and enable the demand control ventilation by adjusting the demand control

ventilation controller setpoint below ambient CO2 levels. Verify and document the following:

Outdoor air damper modulates opens per Standards to maximum position to satisfy outdoor air

requirements specified in Section 121 (c)4, Equation 121-A.
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Step 2: Continue from Step 1 and disable demand control ventilation by adjusting the demand control

ventilation controller setpoint above ambient CO2 levels. Verify and document the following:

Qutdoor air damper closes to minimum position.

NJ.9. Variable Frequency Drive Systems

NJ.9.1 Supply Fan Variable Flow Controls

NJ.9.1.1 Construction Inspection

Prior to Performance Testing, verify and document the following:

Discharge static pressure sensor is factory calibrated (proof required) or field-calibrated with secondary

source.

Disable discharge static pressure reset sequences to prevent unwanted interaction while performing

tests.

NJ.9.1.2 Equipment Testing

Step 1: Drive all VAV boxes to achieve design airflow. Verify and document the following:

Witness proper response from supply fan (e.g. VFD ramps up to full speed; inlet vanes open full).

Supply fan maintains discharge static pressure within +/-10% of setpoint.

Measured maximum airflow corresponds to design and/or TAB report within +/-10%.

System operation stabilizes within a reasonable amount of time after test procedures are initiated (no

hunting).

Step 2: Drive all VAV boxes to minimum flow or to achieve 30% total design airflow whichever is larger. Verify

and document the following:

Witness proper response from supply fan (VFD slows fan speed; inlet vanes close).

Supply fan maintains discharge static pressure within +/-10% of setpoint.

System operation stabilizes within a reasonable amount of time after test procedures are initiated (no

hunting).

NJ.10. Hydronic System Controls Acceptance

Hydronic controls Acceptance Testing will be performed on:

Variable Flow Controls

Automatic Isolation Controls

Supply Water Temperature Reset Controls

Water-loop Heat Pump Controls

Variable Frequency Drive Control
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NJ.10.1 Variable Flow Controls

NJ.10.1.1 Construction Inspection

Prior to Acceptance Testing, verify and document the following:

e Valve and piping arrangements were installed per the design drawings to achieve flow reduction
requirements.

e |nstalled valve and hydronic connection pressure ratings meet specifications.

e |nstalled valve actuator torque characteristics meet specifications.

NJ.10.1.2 Equipment Testing

Step 1: Open all control valves. Verify and document the following:

e System operation achieves design conditions.

Step 2: Initiate closure of control valves. Verify and document the following:

e The design pump flow control strategy achieves flow reduction requirements.

e Ensure all valves operate correctly against the minimum flow system pressure condition.

NJ.10.2 Automatic Isolation Controls

NJ.10.2.1 Construction Inspection

Prior to Acceptance Testing, verify and document the following:

e Valve and piping arrangements were installed per the design drawings to achieve equipment isolation
requirements.

e Installed valve and hydronic connection pressure ratings meet specifications.

e |Installed valve actuator torque characteristics meet specifications.

NJ.10.2.2 Equipment Testing

Step 1: Open all control valves. Verify and document the following:

e System operation achieves design conditions.

Step 2: Initiate shut-down sequence on individual pieces of equipment. Verify and document the following:

e The design control strategy meets isolation requirements automatically upon equipment shut-down.

e Ensure all valves operate correctly at shut-off system pressure conditions.

NJ.10.3 Supply Water Temperature Reset Controls

NJ.10.3.1 Construction Inspection

Prior to Acceptance Testing, verify and document the following:
e ALL SENSORS HAVE BEEN CALIBRATED.

e Sensor locations are adequate to achieve accurate measurements.

e |nstalled sensors comply with specifications.
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NJ.10.3.2 Equipment Testing

Step 1:

Manually change design control variable to maximum setpoint. Verify and document the following:

Chilled or hot water temperature setpoint is reset to appropriate value.

Actual supply temperature changes to meet setpoint.

Manually change design control variable to minimum setpoint. Verify and document the following:

Chilled or hot water temperature setpoint is reset to appropriate value.

Actual supply temperature changes to meet setpoint.

NJ.10.

4 Water-loop Heat Pump Controls

NJ.10.4.1 Construction Inspection

Prior to

Acceptance Testing, verify and document the following:

Valves were installed per the design drawings to achieve equipment isolation requirements.

Installed valve and hydronic connection pressure ratings meet specifications.

Installed valve actuator torque characteristics meet specifications.

All sensor locations comply with design drawings.

All sensors are calibrated.

VFED minimum speed setpoint exceeds motor manufacturer’s requirements.

VED minimum speed setpoint should not be set below the pumping energy curve inflection point (i.e.

combination of pump-motor-VFD efficiency at reduced load may cause power requirements to increase
upon further reduction in load).

NJ.10.4.2 Equipment Testing

Step 1:

Open all control valves. Verify and document the following:

System operation achieves design conditions +/- 5%.

VED operates at 100% speed at full flow conditions.

Initiate shut-down sequence on each individual heat pumps. Verify and document the following:

Isolation valves close automatically upon unit shut-down.

Ensure all valves operate correctly at shut-off system pressure conditions.

Witness proper response from VFD (speed decreases as valves close).

System operation stabilizes within 5 minutes after test procedures are initiated (no hunting).

Step 3:

Adjust system operation to achieve 50% flow. Verify and document the following:

VED input power less than 30% of design.

Step 4:

Adjust system operation to achieve a flow rate that would result in the VFD operating below minimum

speed setpoint. Verify and document the following:

Ensure VFD maintains minimum speed setpoint reqardless of system flow operating point.
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NJ.10.5 Variable Frequency Drive Controls

NJ.10.5.1 Construction Inspection

Prior to Acceptance Testing, verify and document the following:

All valves, sensors, and equipment were installed per the design drawings.

All installed valves, sensors, and equipment meet specifications.

All sensors are calibrated.

VFED minimum speed setpoint exceeds motor manufacturer’s requirements.

VED minimum speed setpoint should not be set below the pumping energy curve inflection point (i.e.

combination of pump-motor-VFD efficiency characteristics at reduced load may cause input power to
increase upon further reduction in load).

NJ.10.5.2 Equipment Testing

Step 1:

Open all control valves. Verify and document the following:

System operation achieves design conditions +/- 5%.

VED operates at 100% speed at full flow conditions.

Modulate control valves closed. Verify and document the following:

Ensure all valves operate correctly at system operating pressure conditions.

Witness proper response from VFD (speed decreases as valves close).

System operation stabilizes within 5 minutes after test procedures are initiated (no hunting).

Step 3:

Adjust system operation to achieve 50% flow. Verify and document the following:

VFED input power less than 30% of design.

Step 4:

Adjust system operation to achieve a flow rate that would result in the VFD operating below minimum

speed setpoint. Verify and document the following:

Ensure VFD maintains minimum speed setpoint regardless of system flow operating point.
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